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H E Gourle of © Wide Ws 
Pneumatical Experiments 1 
which theſe Lectures were written, was | 
contrived by the Author above forty 
years ago, and was one of the firſt that 
we had in England of any conſiderable 
note. From that time it has been often 
performed before large aſſemblies at the 
_ Obſervatory in Trinity College Cam- 
bridge; firſt by the Author in con- 
junction with Mr. V hiſton, at that time 
Profeſſor of the Mathematicks, then by 
the Author alone, and after his deceaſe 
by my ſelf: and on theſe occaſions the 
Lectures were frequently lent out to be 
tranſcribed; by which means a copy fall- . 


ing into tlie hands of a Bookſeller, was 


intended to have been printed without my 
knowledge. By this attempt I was in- 
duced to publiſh a correct edition of them, 
printed from the Author's original 
manuſcript. 

The general heads of the Cburſe and 
of the Lectures upon it, may be ſeen at 

f | A 3 one 


5 R EFACE. IE 
one view in the following paper, in 


which every article marked 2 a Star, 
referring to a page in the Book, is the 
ſubject of a Lecture to be found by that 
reference. And the whole deſign is far- 
ther explained by the Author in the be- 
gipning of his firſt and twelfth Lectures, 
where he gives his reaſons why he judged 
it needleſs to write upon the fubjee 25 any 
more articles than thoſe we have here * 
ſtinguiſhed. 
As to the method i in general of WY 
ing Philoſophy by Courſes | of Experi- 
ments, (that is, of drawing general truths 
and concluſions from a ſelect number of 
ſimple experiments, firſt repreſented to 
our ſenſes, and then explained to our un- 
- derſtandings,) i it is now ſo. much practiſed 
and approved of by the moſt eminent 
Profeflors all over Europe, and has fo 
greatly contributed to the propagation 
and increaſe of knowledge, in the little 
time it has been duly cultivated, that no- 
thing more need be ſaid to ſhew the uſe- 
fulneſs and excellency of it: and as to 
the Lectures before us, the general ſatiſ- 


faction 


P R E F „„ 
faction they have given, to all W cu- 
rious Perſons who ; 5 peruſed them in 
manuſcript, or heard them read, together 
with the great and eſtabliſhed reputation 
of their — will recommend them to 
the Publick much beyond any thing that 
I can offer in their commendation. 
In comparing ſome other Works of 
our Author (a) with the Lectures before 
us, the reader will find this remark- 
able difference in the ſtyle and manner 
of writing. In thoſe other works he is 

generally ſparing of his words. and 
thoughts, that he might not ſeem tedious 
to able Mazhiematicians ; in theſe he is 
more diffuſive in thought and expreſſion, 
and condeſcends to clear up every appear- 
ance of difficulty, as writing either for 
beginners or for perſons of common un- 
derftandings : And he has rendered the 

' Diſcourſes more entertaining and uſeful 
than ordinary, by enlivening the Science 
with a mixture of Learning, and the Hi- 
ſtory of the Inventions he treats of; in 


(a) Harmonia W kee analyſis & ſyntheſis per 
rationum & angulorum menſuras promote, &c. 
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Which he has been pat careful to 
* do Juſtice, and to give the deſerved ho- 
nour to their ſeveral inventors. _._ 

Two or three noble Truths relating 
to ache Preſſure of fluids (50, and the con- 
ſtitution of the Atmoſphere (c), the Au- 
thor has here Se from the 
very firſt mathematical ente, with 
ſuch uncommon plainneſs and perſpicu- 
ity, as cannot fail of giving pleaſure to all 
ſorts of mathematical Readers. As to the 
reſt, Jam much miſtaken if Readers of 
good ſenſe and ſome command of atten- 
tion, though unſkilled in Mathematicks, 
may not go through i it with as much eaſe 
and pleaſure, as in reading a piece of hiſ- 
tory 3 and upon making the trial, they 
may poſſibly conceive a better opinion of 
their own underſtandings, with regard to 
theſe matters, than ever they did before. 
Nevertheleſs it may probably be ſur- 
miſed, as theſe Diſcourſes were written 
on purpole to deduce the properties of. 
fluids from a Courſe of Experiments, 


e performed and explained before 
= Le&. iii. - (c) Lect. ix. and: xiv. 


th 
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the reading of each Lecture, that they 
may not be ſo well adapted to Readers 
in general, as to thoſe who have ſeen that 
Courſe, or ſome other of the ſame. kind. 
It muſt indeed be confeſſed, that the lat- 
ter Readers would have an advantage over 
the former, in as much as the Author 
intending to ſhew the experiments, be- 
longing to each Lecture, immediately be- 
fore the reading of it, does not always de- 
ſcribe them, but frequently reaſons upon 
them as things already ſeen. and under- 
ſtood. But as I have taken care to ſup- 
ply fuch defects, by giving deſcriptions of 
the "Experiments in Notes, referring to 
Figures of the proper Apparatus, I pre- 
ſuite I have entirely removed the ſulpi- 
cion abovementioned ; and have render- 
cd the Lectures as clearly intelligible, and 

as well adapted to the taſte and capacity 

of all forts of readers in the form they 
now have, as if the matter of the Notes 
had been every where - inſerted in the 
context of the Lectures by the Author 
himſelf. I have alſo added here and there 

a few Mathematical Notes, upon ſuch 


Poli ts 
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points as the Author had but lightly 


touched upon, or only mentioned, but 
thought improper to be introdueed into 
popular diſcourſes. 

When he exhibited and explained his 
8 for determining the ſtate of 
the weather, as Barometers, Thermome- 
ters and Hygrometers of various ſorts, for 


a Lecture on this ſubject he conſtantly 
read Dr. Halley's Account of the riſing 


and falling of he mercury inthe barome- 
zer, upon change of weather, as what he 
perfectly approved. With the Doctor's 


leave I have therefore reprinted that ex- 


cellent Diſcourſe of his from the -Philo- 


ſophical Tranſactions, and placed it in an 
eee to theſe Lectures: and have 


ad to it a Tranſlation of Sir Tjaac 


Wewton's Scale of degrees of heat, taken 
alſo from the Tranſactions; as directing 


us, among other great curioſities, to ſuch 


a Conſtruction of Thermometers, as ſhall 


| cauſe them to denote the ſame degree of 


heat, thou gh they have never been actu- 


— 3 ared together: : which uſeful 
* is ſtill wanting in moſt Ther- 


8 mometers. 


PREFACE. 
mometers. I have therefore deſcribed: this 
Conſtruction at the end of thao admirable 

paper. 8 

Foor the uſes * Hygrometarh Mr. Cates 
referred his pupils chiefly to Mr. ne 8 
Tracts upon that ſubject. - 

Laftly, becauſe in the Lecture upon 
Capillary Tubes many particulars are 
wanting, which fince the Author's de- 
ceaſe have been diſcovered and explained 
by Dr. Jurin, his particular friend, as 
well as my own, I could not do better, 
with” the Doctor's leave, than cloſe my 
Appendix with his very ingenious Dif- 
courſes upon that ſubject: And to make 
the Book more uſeful, I have added an 


alphabetical Index of the matters 8 
tained i in it. 


We HEADS'OF en 
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The TAR f a Curſe of Ehle anal 


and Pneumatical Experiments, as per- 
formed at the Obſervatory in Trinity 
College, N l 


 Hydroſtatical try and concluſions. : 


7 HAT fluids gravitate in proprio loco, the up- 
per parts continually preſſing upon the lauer; 
that this preſſure is not only propagated down- 
wards, but even upwards and ſide- Ways, accord- 
ing to all poſſible directions; that a hghter fluid 
may gravitate upon an "heavier, and an heavier 
upon a lighter. * Page 1. Lect. i. 


That a fluid may ſuſtain a body heavier in ſpecie 
than itſelf, and even raiſe it up; that a fluid may 
detain à body lighter in ſpecie than itſelf, on 
even depreſs it; that a competent preſſure of a 
fluid may produce the remarkable phanomena of 
the Torricelhan tube, pump, ſyringe, ſiphon, 
poliſhed plates, and other effects of the like na- 


ture. * Page 12. Lect. ii. 


22 fluids preſs according.to. than perpendicular al- 
titudes, whatever be their quantities, or however 
the containing veſſels be figured ; the exatt eſti- 

mate of all manner of preſſures ; the invention of 

the center of preſſure, upon any propoſed plane, 
reduced to the problem of finding the center of 
lars * Page as EXT MM, 


7 Of 


be; Ec 


© COURSE AND LECTURES. 
| Of the finking and floating of bodies immerſed in in 


fluids, their relative gravities and levities, their 


 fituations and portions : the phanomena of glaſs 
bubbles accounted for. * Page 44. Lect. iv. 


The hydroftatical balance explained, with the me- 


thods of determining the ſpecifick gravities of all 
forts of bodies thereby. * Page 57. Lect. v. 


The praxis of the hydroftatical balance; the ſpetijick 
gravities of ſeveral particular bodies actually 
Found out ; with an account of the various uſes 
of fuch ae eh * Page 74. Lect. vi. 


Pneumaticks illuſtrated by experiments 


for the moſt part tubular, being ſuch 
p 8 

as. were wont to be made before the air- 

Famp was invented. 


The ſeveral Senden of the n experi- 
ment exhibited and explained. * Pag. 86. Lect. vii. 


Monſieur Paſcal's imitation of the fame experiment 


by water ; other * wt of the like nature 
. with fluids variouſly combined; the preſſure of 
the air, ſhewn by experiment to be different at 


different altitudes Jrom the ſurface of the earth. 
* Page 98. Lett. viii. 


| The denſity and ſpring of the air 8 fo be as the 


force which compreſſes it, and from hence an en- 
Lui) is made into the limits and ſtate of the at- 
moſphere, * Page 11 3 Lect. ix. 


The 
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The effetts of the weight and ſpring of the. air in 

Hringes, . pumps, fiphons, poliſbed * cupping 
10 3 * ene e e n a; 
= 45 Wat 7 
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The phenomena of capillary FM glaſs e the 
_ figures of the ſurfaces of fluids, and other things 


| relating to the ſame head conſidered. * "0 I 37- 
= ec. xt, 


The more known properties of the air 


_ eſtabliſhed by the air- W and other 


_ 


7 H E air- -pump, the 8 for condenfing 
and transferring air, their fabrick, operation, 
and gages explamed. * Page 1 50. Lect. xii. 


An account of the ſeveral ſucceſſive degrees i in which 
_ the air is expanded and compreſſed by the air- 


pump and condenſer. * Page 164. Lect. xiii. 


A'parcel of air 3 in the balance; its Peri- 
ik gravity to that of water determined thereby : 


a ſecond enquiry into the fate of the W 
eee 18 3. Lect. N wr 
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COURSE AND LECTURES. 
The weight preſſure and ſpring of tbe air proved 


- ſeveral wah; by the ſenſe of feeling; by breaking 


glaſs vials, by the phanomena of bladders, glaſs- 
bubbles, fountains, the gardener's watering Pr. 
the diving bell, Sc. 


| $iphons, Hringes, poli ſhed ids "ths Tarricallian | 
tube in vacuo; quickfifver raiſed to the uſual 


height of the weather- glaſs by the bare ſpring of 
4 15 File included ar ; ; Otto Guericke 4 Bemi- 


Iſpheres. 


The ebullition of liquors in vacuo, the quantity of 
air contained in them, the ſuſtentation of fumes 
and vapours, the deſcent of bogies i in vacuo, the 


fraction of * 
The more bidden properties of the air 
| conſidered by the We of the like 


engines. 


” be influence of the « air examined as to N cauſes of 


magnetiſm, the elaſticity of ſprings, the ſphericity 


of the drops of fluids, the aſcent of liquors in cu- 
_ pillary tubes, the refleftion of light from the ” 
ther ſurface of glaſſes, &c. 


The influence of the air as to ſounds, fire Pr Rode, 
the conſumption of Fuel. * Page 200. Lett. xv. 


The effett of rarefied and condenſed air upon the 
5 t# Ch of animals. 
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THE HEADS, &c. 


4 piece of phoſphorous in vacuo ; Mr. Haukſbee's 


experiments concerning the mercurial phoſphor, 
and concerning the attrition of bodies in vacuo. 


The. ; ſame in genious perſon's experiments concerning 


the vitreous phoſphort : experiments relating to 
the electricity of bodies. 


Air ſometimes generated, ſometimes conſumed ; the 
nature of factitious airs, explofions in vacuo, diſ- 


ſolutions, fermentations, Sc. * Page 220. 
* XVI, ” 


Covrzxxs of the APPENDIX, 


IJ. THE reaſon of che Yang. and falling of, the 


mercury m the barometer, upon change of 


23%" weather, by Dr. Halley. Page 246. 
II. A ſcale of degrees of heat by Sir Iſaac Newton: 


with a conſtruction of an univerſal Thermometer. 


Page 253. 


III. An account of ſome experiments ſhewn "—"M 
| the Royal Society; with an enquiry into the cauſe 
of the aſcent and ſuſpenſion A water in capillary 
tubes, by Dr. Jurin. "MF N 


IV. An account of ſome new experiments relating 
to the action of glaſs upon water and at 
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HYDROSTATICAL . 
. AND 
PNEUMATICAL 

"LECTURES. 


LECTURE 5 


That fluids gravitate in proprio loco, the upper 
parts continually preſſing upon the lower ; that this 
preſſure is not only propagated downwards but even 
upwards and fideways according to all poſſible di 
rections; that a lighter fluid may gravitate upon 
à heavier and a heavier upon a lighters 


be convenient to give ſome account of the 
method I intend to follow throughout the 
whole courſe, and to allot to each of the four 
weeks, i in which I hope to finiſh my deſign, 
its diſtinct ſhare of the tryals, by which I propoſe 


Br we begin our experiments it may 


to make out and clear up thoſe truths and con- 
cluſions in hydroſtaticks and pneumaticks, which 


ſeem to. be the moſt fundamental and of the 
chiefeſt importance. Hydroſtaticks and,pneu- 


| maticks have in nature ſo near a relation to each 
ao; 


A © b other, 


4 


* 


2 The preſſure of fluids is Lea. 
other, that they ought never to be ſeparated: being 
therefore both comprehended in one courſe, they 
are diſpoſed into that order which was judged to 
be the moſt natural for deducing one conſequence 
from another which was proved before, moſt ea- 
ſy for performing the experiments, thoſe being 
uſually placed together which require a very lit- 
tle different apparatus, and moſt conformable to 
the ſucceſſion of times in which the experiments 
and the truths eſtabliſhed from them appeared in 
the world. | ** 
In this firſt week then I ſhall endeavour to ſet- 
tle the grounds of hydroſtaticks, and to account 
for thoſe various effects which depend upon the 
Preſſure of fiuids againſt other fluid and ſolid bo- 
dies. As this ſcience began firſt to be cultivated 
and was brought to a conſiderable degree of per- 
fection by the fagacity of the great Archimedes, 
ſo is it the moſt ſolid foundation upon which our 
modern philoſophers have built their admirable 
doctrine of the air's preſſure : which notion ſeems 
| firſt to have been ſtarted about an hundred years 
ago by the famous Galileo, and was happily pro- 
ſecuted by his ſcholar Torricellius, and after him 
by ſeveral of the moſt eminent Virtuqſi of Europe. 
Whoever ſhall attentively conſider the ſeveral phæ- 
nomena which I ſhall this week prove to depend 
upon the gravitation of fluids in general, will find 
it no difficult matter, when we come afterwards 
to the air, which 1s a particular fluid and which I 
ſhall prove to be not devoid of weight, as it was 
formerly thought to be, to explain by the gra- 
v.tation of this ſubtle fluid thoſe once ſurpriſing 
oe OR effects 


. 


„ ene every way alile. 14 
9 which ſo much puzzled the philoſophers, 


and compelled them for concealing their ignorance 
to run into very great abſurdities. 

Having afligned to this firſt week the buſineſs 
of hydroſtaticks, in the next I (hall enter upon 
pneumaticks, which furniſh us with the know- 
ledge: of the nature and properties of the air. 
I need not here inſiſt upon the uſefulneſs of this 
| ſcience, fince it cannot but be well known to eve- 
ry one, how much all natural philoſophy depends 
upon it ; there being no one body in the world 
that has a more univerſal influence upon the ge- 
neral courſe of nature than the air. The fa- 
mous Torricellian experiment was that which 
firſt alarmed the philoſophick world, and his 
mercurial tube has juſtly been as much celebrat- 
ed foropening the way to pneumatical diſcoveries, 
as his maſter Galileos optick tube has been for 
the advancement it has made in Aſtronomy, Afﬀ- 
ter Torricellius many Italian, French and Engliſh 
gentlemen made ſeveral other, for the moſt part, 
tubular experiments, to illuſtrate and confirm the 
doctrine of the air's preſſure before the air- pump 
was invented. I have therefore in the ſecond 
week propoſed to exhibit thoſe tubular experi- 
ments which were commonly made before the 
air- pump was uſed, adding to them ſome others 


of the like nature that have ſince that time been = 


thought on. 

> Tn the third and fourth weeks! deſign to repeat 
the principal experiments that are wont to be tried 
with the air- pump and condenſer, ſuch of them 
at leaſt a as the apparatus of inſtruments which we 
A 2 have 


K 
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have at 1 are capable to exhibit. For though 
our air-pump be as commodious as any that has 
yet been made, yet our condenſer is not ſuch as 
I could wiſh for, and I hope ſome time or other 
to be furniſhed with an engine which will per- 
form both parts with more advantage than can 
be expected from our preſent inftruments, and 
that the reſt of our apparatus may be fo enlarged 
as to afford us a greater plenty of experiments. 
In our third week then 1 intend to make ſuch 
tryals as ſcern to be moſt pertinent for eſtabliſh- 
ing the principal properties of the air, ſuch as 
its weight, ſpring, preſſure,” reſiſtance, refraction; 
explaining by theſe properties ſeveral remarkable | 
effects. Now though ſome of theſe properties will 
be deduced from the tubular experiments of the 
foregoing week, yet I ſuppoſe that no body will be 
_ difpleaſed to ſee ſuch things, which were once and 
not long ago very much controverted, made out | 
by more ways than one. 

Too the ok and laſt week 1 have A 
ſuch experiments as ſhew ſome very notable ef- 
fects of the air, which depend upon more hid- 
den 3 0 than thoſe explained in the third 
week. Amongſt theſe we may reckon the ex- 
periments upon the life of animals, upon flame, 
and others of that nature. And becauſe ſeveral 
| effects have been by philoſophers aſcribed to the 
air which do not belong to it, I deſign at the fame 
time to confute thoſe errors by matter of fact and 
experience. This is the method which I have 


propoſed to myſelf i in our preſent courſe of ex- 
periments. 


| Omit. 


* 8 l 2 
o 


1. propagated every way. ade =} 
Omitting then all further preliminaries, let us 


. begin with bydroſtaticks. The ſignification and 
N of the 1 name need not here be ex lain- | 


„ 


and by. means of which we ſhall. make out moſt 
of our following concluſions. For whatever can 
be proved by experiments and reaſon to belong to 
any one body which is both fluid and heavy, up- 

on account of its being fluid and heavy, muſt be- 
long to all other bodies which are fluid and heavy. 
If a due caution be obſerved, we may very ſafely 
be allowed to draw general concluſions from ex- 
periments, which cannot otherwiſe be made but 
Ren particular bodies. 

Fluidity and gravity being the qualities which 

are of great concern in hydroſtaticks, it will not 
be amiſs to ſay ſomething concerning each of 
them i in this place. It is beſide our purpoſe to 
enquire into the cauſes of theſe two properties of - 
bodies; I ſhall only obſerve of fluids that they 
are ſuch whoſe parts yield to any force exerciſed 
upon them, and by yielding are eaſily put in mo- 
tion amongſt one another. But whence this diſ- 
poſition ariſes of giving way to, and being moved 
1 every the leaſt impreſſion is a problem not rea- 
dily to be ſolved; I had rather wholly paſs it by 
than propoſe uncertainties about it. The famous 
materia Jubtilis has been A conſtant reſuge to our 


3 | modern 


„% r a," x 
—— woe — — - —— — — 322 — 


20K. -<< 


— 
Ä ST 


— —-— 
. 


ret mth Pere [ret —7˙*f 
* _— % — — __ Do wad G 


4 
. 
k 
# 
1 
on 


. —— 
1 


modern philoſophers as well in this as in all other 


difficulties, but that way of juggling does now at 
laſt very juſtly. begin to be out of credit, and 
ought altogether to be laid aſide, till ſufficient * 
reaſons can be produced for its admittance. 

| Gravity is well known to be the endeavour 
and tendency of bodies towards the center of the 
earth. It is a property of ſo univerſal an extent 
that noone body in the world is yet known to be 
without it; not air, which as 1 ſhall afterwards 
ſhew, may be weighed in the balance; nor 


fumes nor vapours, which ſeem to be lighter than 


air itſelf by their aſcending in it, as I ſhall, prove 
by experiment: and the excellent Mr. Boyle has 


Found out ways to make even flame itſelf pon- 
derable. . 


Now though moſt men without any difficulty 


|; allow thus much, that water and other fluids are 


really ponderous, and do actually gravitate when 
taken as a whole body, being convinced by their 
ſenſes that a veſſel weighs leſs when empty than 


v hen filled with any fluid, and weighs ſtill more 
as it contains more of the fluid, yet notwithſtand- 


ing this, many eminent men have found much 


difficulty to believe that the parts of fluids do gra- 


vitate i proprio loco, as they ſpeak, or upon one ano- 
ther. It would be endleſs and tedious to go about to 


_ enumerate the ſeveral prejudices which have been 
the occaſions of this error among the philoſophers, | 


whilſt they have choſen rather to oppoſe any 
truth which came in their way, than forſake the 


opinion however falſe they had once reſolved to 


adhere to, But ſince this error if admitted muſt 
| of 
» 


- petit every: u alle » 
5 4h ſubvert the foundations of all hydro- 


ſtaticks, and the contrary truth is that by which 
moſt of our following concluſions muſt be ex- 


plained, I ought not to proceed any further till I 
have cleared up this matter, 


It is evident from daily experience that in any 


fluid the weight of the whole is equal to the 
weight of all its parts, of what magnitudeornum- 
ber ſo ever thoſe parts are ſuppoſed to be; andif 
any part be taken from the whole, the weight of 
the whole will be diminiſhed by the weight of that 
part; if any part be added to the whole, the weight 
of the whole will likewiſe be increaſed by the 
weight of the part which was added; and it ſeems 
from hence to be a reaſonable concluſion that the 
weight of the whole is compoſed of the weights 
of the ſeveral parts, and that the parts do there- 
fore gravitate even in the whole, or, according to 
their way of expreſſing it, in proprio loco. Not- 
withſtanding fo obvious and neceſſary a deduction, 
the oppoſers of it have been ſubtle enough to 
_ elude the truth by a diſtinction which they have 
invented. They grant that the parts do by an 
united action cauſe the gravitation of the whole, 
but deny that they do fingly and ſeparately gra- 
vitate in proprio loco, ſo as to compoſe by that 
means the whole gravitation. Whenever it can 
be clearly made out that a number of agents may 
Jointly produce an effect, whilſt each ſingly con- 
tributes nothing to that effect, it may then be 
time to anſwer this ſubterfuge. 


Notwithſtanding ſo neceſlary and obvious a de- 
duction, there have been two grand arguments 
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* Te W of fluids * Lect. 
| uſually produced againſt the doctrine we aſſert, 
which if anſwered will alſo render the reſt of the 
objections invalid, they being for the moſt part 
reducible to the one or the other of thoſe two. 
It is an experiment obvious to every body that a 
bucket full of water is lighter in the water than 
out of it, nor does it weigh more when full in the 
water, than when empty out of it; therefore 
they conclude that the water in the bucket, be- 
aal it is within water, its own element, does 
not gravitate. The other inſtance is taken from 
divers, who are ſaid to feel no ſenſible preſſure 
under water, though they often deſcend to very 
great depths; therefore they again conclude that 
the parts of water do not gravitate nor conſe- 
quently cauſe any preſſure in proprio loco. Now- 
granting the matter of fact to be true in both 
theſe caſes, though it may juſtly be queſtioned as 
to the buſineſs of diving, yet till they can prove 
that theſe matters of fact are no other way to be 
accounted for than by that which they have pro- 
poſed, their inferences can by no means be allow- 
ed them. 
I ſhall take an opportunity whilſt v we are upon 5 
hydroſtaticks, to give the true reaſon why the 
weight of the water in the bucket ought not to 
be perceived whilſt the bucket is in water, though 
it do really at that time retain all its weight 
which it has when taken out of the water. And 
as to divers, though we allow that at the depth of 
thirty-two feet under water, they have upon the 
© ſurface of their whole bodies a more than ordi- 
nary: Preſſure of twenty. thouſand pounds weight, 


yet 


i.” © propagated every way alile 
yet when we conſider the uniformity of that preſ- ; 
ſure and its equability, which cauſes no difloca- 'J 
tion of parts, all the external being equally affect: 
ed with it, and being internally ſupported by the | 
air and other elaſtick fluids, which conſtantly en- 
deavour the more to expand themſelves as they 
are more compreſt; when we alſo conſider the 
firm texture of the membranes and other ſolid 
parts of human bodies and the incredible force 
they are able to bear, as has been made evident 
by experiments; we ſhall not much wonder that 
divers complain of no ſenſible pain though they 
be certainly preſt with ſo great a weight of water, 
beſides the ordinary preſſure of the air, which our 
bodies are continually expoſed to, which is equal 
at leaſt to that of water at the depth of thirty-two 
feet, or twenty thouſand pounds: fo that the 
whole preſſure to which adiver is expoſed at thirty- 
two feet under water, is about forty thouſand 
pounds. Since then we have proved that fluids do 
gravitate in proprio loco, and theſe difficulties do 
not deſtroy that aſſertion, as the propoſers of them 
would make us believe, when they tell us they 
cannot otherwiſe be explained, what has been 
hitherto ſaid might be taken for a ſatis factory an- 
{wer to the objections; yet becauſe this truth is 
of ſo great moment I will endeavour to confirm 
it by two experiments levelled againſt thoſe two 
_ objections, ſhewing by the firſt of them that 
_ Huids loſe nothing of their weight in proprio /aco 
(a) and by the ſecond that the lower parts of 
() Fluids loſe nothing of their weight in proprio lacs. 
Exp. I. FIG, 1, repreſents a roundiſh glaſs bottle, thick 


dag when Empty to ſink in Water, with a ſtop- cock Ce- * 
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fluids are preſſed by the upper, and communicate 


that preſſure to the bodies expoſed to their con- 
tact. I will alſo add other experiments to prove 
that the preſſure cauſed by the gravitation of fluids, 


mented to the mouth of it; whereby a quantity of ai 


r may 


be taken out of the bottle by an air-pump, and be hindered 


from returning by ſhutting the cock; in order to give paſ- 


ſage and room to a quantity of water, equal in bulk to the 
exhauſted air, as ſoon as the cock ſhall be opencd under water 


contained in a larger veſſel. | 
The air being exhauſted, Jet the bottle be ſuſpended 


by a 


wire to the beam or ſcale of a balance, and let it be exactly 
counterpoiſed in the air by the weight A in the oppoſite 


_ ſcale. 


Again when the bottle is ſuſpended in a veſſel full of water 


after A is taken away and reſerved. - 
Then having opened the cock under water, to let 


and wholly immerſed, let it be counterpoiſed by a weight B, 


it run 


into the bottle, after the running 1s over let a third weight C 


together with B reſtore the equilibrium of the balance. 


It is plain then that C is the weight of the water let into 


the bottle, even while it communicates with the water 
veſſel. 


* 


in the 


- Having ſhut · up this water in the bottle by turning the cock 


it hangs in air at the beam of the balance, take the we 


While under water, take the bottle out of the water, and while 


ight B 


from the oppoſite ſcale and reſtore A in its ſtead, then will 
the weights A and C exactly counterpoiſe the bottle and the 


water within it. 


Which ſhews that this water weighs juſt as much in 


air as 


it did before (in propris loco or) in the water of the veſſel, the 


cock being open. 


(b) Preſſure is cauſed by the gravitation cf a fluid and is 


propagated every way alike, | 


EXP. 2. Fig. 2, 37 45 repreſent tubes bent near their 
lower ends into various angles. They were firſt filled at 


their lower orifices with quickſilver, which reſted in the 


longer legs upon a level with thoſe orifices, and then were 


dipped in a deep glaſs veſſel filled with water, which 
the tubes were deſcending, gradually preſſed the quic 


while 
kfilver 


from 


—WB o 
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i. | propagated every way alike, II 


is not only propagated downwards but even up- 


wards and ſideways-according to all poſſible direc- 
tions (2), that a lighter fluid may gravitate upon 
a heavier, and a heavier upon a lighter (c), 


from the lower orifices towards the higher, where the water 
could .not enter, ov, 8 | 


Fi. 5. To ſhew that preſſure is propagated even up- 


wards as well as all other ways, dip an open end of a very 


narrow- bored tube into quickſilver, then ſtopping the upper 


end with your finger, lift up the tube, and a ſhort column 
of the quickſilver will hang in the lower end, which column 
when dipped deeper into water than about fourteen times its 


own length, will not only be ſuſpended but even preſſed up- 


wards, after your finger is removed from the upper orifice. 

(c) FIG. 6. A lighter fluid may gravitate upon a heavier, 
and a heavier upon a lighter. The firſt part of this propoſi- 
tion has juſt been proved by the foregoing experiments, and if 
any oil that is lighter than water, be put into the lower end 
of a bended tube, it will alſo be depreſſed by the water in the 


veſſel, and forced from the lower orifice towards the higher. 
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| T bat a Wn may ſuſtain a body heavier in Reb a | 


_ itſelf and even raiſe it up, that a fluid may detain. 
à @ body tighter in ſpecie than itſelf and even depreſs 
it, that @ competent preſſure of a fluid may pro- 

duce the remarkable phenomena of the Torricel- 


lian tube, pump, ſyringe, ſiphon, poliſhed Mas 


5 1 other r of the like nature. 


Eſterday i it was proved that fluids retain. 2 
gravitation zz proprio loco, and by that 
gravitation preſſed upon bodies expoled to their 


Contact, that this preſſure is not only propagated 


downwards, according to the tendency of heavy 
bodies, but alſo upwards and ſideways according 


| to all manner of directions. 


I deſign this day to make ſome. farther i experi- 
ments concerning the preſſure of fluids, by which 
T ſhall endeavour to demonſtrate ſome of its 


more general effects; reſerving the particular and 


exact eſtimate of all manner of preſſures to my 
next lecture. In the choice of this day's experi- 
ments I have had regard to ſome of the moſt ob- 
vious and notable phenomena, that are now-a- 
days explained by the air's gravitation z ſuch as 
the ſtrong coheſion of poliſhed plates, the ſuſpen- 
ſion of quickſilver in weather-glafſes, the effects 


of ſyringes, pumps, and ſiphons. If we can make 


my, 


it appear, that theſe things not only may depend 
upon the gravitation of a fluid, but muſt neceſ- 
farily be the conſequence of ſuch a gravitation, 
and can alterwards prove, that the air itſelf is a 

Sta- 


ii, rhe preſſure of fluids. 13 
gravitating fluid, and can determine the propor- 
tion of its ſpecifick weight to that of any other 
fluid, it will be no difficult matter from theſe 
things laid together, to evince directly, that the 
preſſure of the air is the cauſe of thoſe phænome- 
na, and ſeveral others of the like nature. Let 
us then conſult experience, and try whether any 
thing analogous to what I have been mentioning, 
be the reſult of that preſſure, which is cauſed by 


the gravitation of fluids (2). WET OE gy 
Theſe experiments will need ſomething of an 
explication ; I ſhall therefore give the reaſon why 


(a) Here the author made the following experiments and 
explained them in the ſequel of his lecture. TEE TY 
Exe, 1. In Fx. 7, 4 6 repreſents a large round plate of 
thick braſs, whoſe upper ſurface being, covered with wet 
leather, is applied ſo cloſe to the orifice c d of the inner veſ- 
ſel; as to hinder the entrance of the water contained in the 
outer veſſel. Now if this plate be held tight againſt the ſaid 
orifice, by pulling the wire e fixed to the plate, till it be im- 
merced to a ſufficient depth of water in the outer veſſel, the 
plate will be ſupported by the preſſure of the water acting 
upwards, though the hand be taken from the wire. The 
margin of the inner veſſel is made broad enough to hang up- 
on the margin of the outer. OE et | 
Exe. 2. has already been deſcribed, Page 10. Note (b) 
Exe. 3. Fis. 8, repreſents a ſmall glaſs cup having a 
flat wooden bottom, well planed and fixed to the glaſs with 
cement. Upon this bottom place a thick wooden plate, 
whoſe under ſurface is alſo well planed, and preſs it again{t 
the bottom with your fingers while quickſilver is poured in- 
to the cup ſo as almoſt to fill it. Then take away your 
fingers, and the wooden plate will ſtill be detained at the 
bottom, until you disjoin it by pulling the pin fixed to the 
middle of it. 3 Eo ES 
_ Exp. 4. Fic. 9. Any ſort of oyl lighter than water, is 
poured into the Water leg of a woe bent parallel to the 
Wu i 5 longer, 
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the events ought to be ſuch as we have ſeen, and 
afterwards infer thoſe conſequences which I told 
you were the principal motives that induced me 
to make theſe tryals. 

The cauſe of the firm Ante of the bens 
plate to the orifice of the glaſs to which it was ap- 
plied, is this; that the parts of the water imme 
diatelycontiguous to the under ſurfaceof the plate, 
were very much preſſed by the water which was 
above the level of the under ſurface of the plate, 
and which ſurrounded the glaſs to whoſe orifice 


the plate was applied, that ſuperior and ambient 


longer, then while the tube deſcends gradually into a veſſel full 
of water, the oyl will deſcend i in the ſhorter leg and aſcend 
in the longer. 

Exp. 5. Two cylindrical cups containing tinged water, 
whoſe ſurface is about an inch higher in one than in the 
other, are placed within a larger glaſs veſſel, whoſe bottom 
is levelled with bees wax, that the cups may lick to it and 
ſtand upright. Into the tinged water in the cups put the 
legs of a glaſs ſiphon, having an open pipe inſerted into the 
middle: of it, as repreſented. in FIG. Ii, and put a wooden 


cover over the veſſel, having a hole in its center to receive 
this pipe and keep it upright; then e a funnel, inſert- 


ed into another hole in the cover, pour oyl of turpentine into 
the larger: veſſel, till it flows into the cups and riſes above 
the arch of the ſiphon. The preſſure of the oyl upon the tinged 
water in the cups, will cauſe the water to paſs through the 
ſiphon from the higher cup to the lower, till the ſurfaces of * 
water be reduced to a level in both the cups. | 
Exp. 6. The laſt experiment being eaſily explicable, i is ap- 
plied to explain the effect of a common ſiphon, which is no- 
thing elſe but a bended pipe, whoſe ſhorter leg being put into 
any ſiquor and your mouth being applied to the longer, to ſuck 


uß ſome liquor, the reſt will continue to aſcend in the ſhorter 


leg and deſcend through the 9 till the whole be exhauſt- 


| ed from the veſſel. 


. | 
water 
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water communicating a preſſure downwards to 


thoſe parts upon the ſame level which were di- 


realy under it, and theſe again laterally communi- 
cating the preſſure they had received, to the other 
parts upon the ſame level which were immediately 
under and contiguous tothe plate. For if the parts 
of the water contiguous to the plate were not as 
much preſſed as the others upon the ſame level, 

which were directly under the ambient water, they 


could not by reaction be able to ſuſtain the preſſure 


of the others, but would give way to the admit- 
tance of a further preſſure, which muſt for this 
very reaſon be increaſed till both came to an e- 
quipollency. The water immediately contiguous 
to the under ſurface of the plate being thus preſ- 
ſed, by communicating its preſſure upwards cauſes - 
this ſtrong union of the plate and the orifice of - 

the glaſs, notwithſtanding the weight of the plate- 


by which it endeavours to deſcend and to be diſ- 


united; which we ſaw it actually did effect when 
it was not ſo deeply immerſed, and had not ſo 
great an altitude of water as was able to 5 Laue a 


__ ſufficient reſiſtance. 


Now to know what depth of water is able to 
cauſe a ſufficient reſiſtance, we ought to know the 
weight of the plate and whatever elſe is annexed 
to it, as in our caſe the wire and the leather 
which covers its upper fide, We muſt then im- 


merſe it ſo deep at leaſt that the perpendicular 


diſtance of the under ſurface of the plate and up- 
2 ſurface of the ambient water, be equal to the 
eight of a column of water whoſe baſe is equal 


to the under ſurface of the Tony * weight equal 
4: . | to 


"6 Mites effefts of Lect. 
to the weight of the plate with whatever is an- 
nexed to it. For then the preſſure of the water 
againſt the plate will be a balance to the weight 
of the plate againſt the water, as may n 
other ways) be thus made out. 

Every part of water which is directly under 
and contiguous to the plate, receives and com- 
municates a preſſure equipollent to that of every 
equal part of water upon the ſame level, which is 
directly under the ambient water, as hath been 
proved before; now theſe patts which are under 
the ambient water receive their preſſure from the 
weight of the column of water, which is perpen- 
dicularly incumbent on them, and by their re- 
action ſuſtain that weight, therefore the preſſure 
which every one of theſe parts receives and com- 
municates, is equipollent to the weight of its re- 
ſpective ſuperior column; ſince then the parts of 
water contiguous to the plate, which are equal to 
thoſe we have been ſpeaking of, receive and com- 
municate the ſame degree of preſſure, the preſſure 
of theſe alſo will be equipollent to the weight of a 
like column of water; and the ſum of their preſ- 
ſures or the force with which they do unitedly ſuſ- 
tain the plate, will be equipollent to ſo many ſuch 
columns, as there are parts of water contiguous to 
the under ſurface of the plate. Now all theſe 
columns together are equal to a cylinder or 
column having that under ſurface of the plate for 
its baſe, and the perpendicular diſtance of that 
under ſurface of the plate and upper ſurface of the 
water for its altitude. If therefore the weight 
of that cylinder be any SIO greater than the 

weight 


1 the preſſure of fluids. 17 
weight of the plate, the plate will be ſuſtained ; if 
the plate be not ſo deeply immerſed that the 
weight of the cylinder be at leaſt equal to the 
weight of the plate, the plate will be disjoined, by 
its * of weight, from the orifice of the glaſs; 
if it be deeper immerſed, the preſſure of the water 
will by its exceſs of weight, be more than ſuffi- 
cient to ſuſtain it. 

The ſpecifick gravity of braſs to chat of water 
is nearly as eight is to one, I mean that bulk 
for bulk braſs is about eight times heavier than 
water; therefore the weight of a cylinder of wa- 
ter will be equal to the weight of a cylinder of 
braſs, if their baſes be equal and the altitude of 
he water be eight times as great as the altitude of 
the braſs. Hence we may conclude that our plate 
which is of braſs, ought to be immerſed under 
water at leaſt eight times its thickneſs, to be ſup- 
ported by the water. For the ſame reaſon a 
plate of pure gold, which is the moſt ponderous 

we meet with, would require near twenty 
times its thickneſs. Upon this account it was that 
Mr. Boyle propoſed one of his hydroſtatical para- 
doxes in theſe words, That a ſolid body as ponderous 
as any yet known, though near the top of the water it 
doll fink by its own weight, yet I it be placed at a 
greater depth than that of twenty times its thick- 
neſs, it will not fink, if its deſcent be not offiſted by 
the weight of the incumbent water. 

The other experiment in which the quickſilver 
which is yet heavier than braſs, was ſuſtained 
by water, which is a fluid about fourteen times 


l lighter, is explicable the ſame way. 
B I will 
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Jill therefore only take notice 3 whereas I 
| A e 1 Wet an heavier, body e in 


2 0 


7 of the aſertion 3 is in this, oxpeniment. very. 
manifeſt. - For when we immerſed the quick- 
filver to a juſt depth, we ſaw it reſt in the pipe 
without either aſoending or deſcending; 3. if the 
pipe were thruſt deeper, the quickſilver in it was 
Aimpelled upwards by the force of a more than 
ſufficient preſſure of the fluid; if the pipe were 
raiſed above that juſt depth, the quickſilver by its 
exceſs of weight would in part fall out. This 
experiment will never ſucceed unleſs the pipe 
which contains the quickſilvet be of a very par- 
row bore; for if it be not ſo, the water will get a 
paſſage by the ſide of the quick6lyer, and this 
| hanging of places \ will foon fruſtrate the event... 
Ihe experiment of the wooden plate remain- 
ing at the bottom of the veſſel filled with quick- 
— would poſſibly appear ſtrange. to ſome who 
are unacquainted with the true principles of hy- 
droſtaticks, and prejudiced with the falſe notion 
of poſitixe, real or abſolute levity. For if that 
imaginary levity were indeed the cauſe why light 
bodies aſcend in fluids leſs light than themſelves, 
ave ſhould be utterly at a loſs in explaining this 
phænomenon. For what reaſon, can we aſlign 
why the wooden plate by the force of its imagin- 
| $4 wk ſhould dat in this caſe, as well as in all 
ory ; others, 


i 19 
"_ make its way through _ body of the 
quickſilver, which is by ſo great odds ſeſs light 
than itſelf, | But if this poſitive levity be rejected 
as we ſhall afterwards give further proof that it 
ought to be (there being no ſuch thing in nature 
as a poſitive levity of bodies) and the gravitation 
of fluids be admitted, which we have already 


ſhewn to be conſonant to reaſon and experience, 


this difficulty will inſtantly vaniſh. For it can- 
not but be evident that the plate ought always 
to remain at the bottom, unleſs it be diſplaced 


and impelled upwards by ſome adventitious force, 


which in our caſe does not happen, the quick- 
filver not being able to inſinuate itſelf between 
the plate and the bottom upon which it reſts, nor 
_ conſequently by its preſſure upwards, againſt the 
under ſurface of the plate,' to remove it to the 


| top, which we ſaw it did immediately effect _ | 


we permitted it to intervene. It would be 
more difficult from the principle of poſitive lecley 
to give any account why the plate does not only 
not emerge of itſelf, but requires even a conſi- 
derable force to disjoin it from the bottom. It is 


manifeſt that this cannot otherwiſe be accounted _ 


for, but muſt be aſeribed to the gravitation and 
Preſſure of the quickſilver incumbent upon the 
plate. The force requiſite for their ſeparation 
being greater or leffer according 'as there is a 
greater or lefler depth of quickfilver to hinder 
their ſeparation. It may perhaps ſeem more 
ſtrange to ſome, as it was a moſt perplexing diffi- 
culty to the famous Dr. More, that immediately 
7 22 their ſeparation there ſhould be not only ne 


B 2 | further 
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further need of any force to raiſe up the plate to 
the top, but that of itſelf it ſhould very violently 
emerge; whereas immediately upon their ſepara- 
tion, when it firſt begins to aſcend, there is ſtill 
almoſt as great a weight of incumbent quickſilver 
to depreſs it, as before the ſeparation there was . 
to detain it. If we fay it is raiſed upwards by 
the 33 which intervenes upon the ſepa- 
ration, and that this intervening quickſilver re- 
ceives the preſſure, which it communicates up- 
4 Wards to the wooden plate, from the reſt of the 
4 quickſilver in the veſſel, which is not perpendi- 
= cularly incumbent on the plate, but which ſfur- 
rounds that incumbent quickfilver, being con- 
|  tiguousto the ſides of the veſſel, and reſting upon 
1 that annular part of the bottom, which is not 
covered by the plate; the Doctor will here urge 
a further Jifficulty, and will tell us, that the-preſ- - 
ure upwards cauſed by the weight of the ambi- 
ent quickſilver can by no means equal, much leſs 
exceed, the preſſure of the incumbent (beſides 
the weight of the plate) that being in quantity 
much leſs than ans ; fo that here he ſuppoſes he 
has found out ſome work for his Finn 
Hylarchicum or his Spirit of Nature. 
What has been already ſaid in the explication 
of the firſt experiment, may be a ſufficient ſolution 
of this difficulty; for it was there proved that 
the force with which the braſs plate was ſuſpend- 
ed, was equal to the weight of a cylinder of the 
fluid in which it was immerſed, whoſe baſe was 
equal to the area of the plate, and altitude equal, 
| is the . ee, the under ſurface 


of 


— 
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of the plate and upper ſurface of the fluid, af | 
what breadth ſoever the ambient fluid were ſup- 
poſed to be: which paradox ſhall be further ex- 


5 plained and experimentally illuſtrated at our next 


meeting. In our preſent caſe then, the force 


which impells the wood upwards, is equal to the 


weight of a cylinder of quickſilver having the un- 


der ſurface of the wood for its baſe, and the per- 
pendicular depth of that under ſurface for its al- 


titude; which weight does evidently exceed that 
of the incumbent quickſilver and plate together, 
juſt as much as the weight of the wooden plate 


itſelf falls ſhort of the weight of an equal bulk of 


quickfilver. Quickſilver is fitter to be uſed in 


this experiment than water, becauſe it does not 
adhere to or wet wood as water does, and cannot 


therefore ſo eafily inſinuate itſelf between the 


plate and the bottom upon which it reſts. 


The next experiment that was tryed, was pro- 
poſed to evince the ſame thing with this laſt, 
that fluids may detain and even depreſs a ſpe- 


cifically lighter body than themſelves ; there was 
only this difference, that in the former the ſpe- 
_ cifically lighter body was a ſolid, and in the lat- 


ter a fluid. I ſhall paſs over the explication of 
the latter, preſuming that by this time the rea- 


ſon of it is ſufficiently obvious. 


You may remember we immerſed two pipes of 
different bores in a veſſel of quickfilver, Fi6.-10, 


then pouring on water which could not get into 


the pipes, their upper orifices being above the wa- 


ter and their lower under the quickſilver, the 


quickfilver was ſeen to aſcend in the pipes above 
=y e 
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thilwd of that in the veſfel tothe famealtiinde 


in both. This effect is an eaſy and plain conſe· 


quence of the gravitation and preſſure of water 
upon the quickſilver. For if we imagine a plane, 
parallel to the horizon, to paſs by the under ori- 
fices of the pipes, it is certain that theſe fluids 
cannot reſt in any poſition till every equal part of 
this imaginary plain doth ſuſtain an equal preſſure 
with the reſt, as has been proved before; now 
the parts of this plane which are directly un- 
der the orifices of the pipes, cannot ſuſtain an 

equal preſſure with the reſt, unleſs the quickſilver 
be ſuppoſed to aſcend ſo much in the pipes as to 
balance that exceſs of water which preſſes upon 
the other parts; and although it might ſeem at 
firſt ſight that a leſſer height of quickſilver would 
be ſufficient for this purpoſe in the larger pipe 


than in the ſmaller, a leſſer height of quickſilver 


in that being equiponderant to a greater in this, 
yet in reality it is quite otherwiſe, and the heights 


in both ought to be equal. For though there is 
at greater weight of quickſiluer in the larger 


pipe, yet we muſt at the ſame time conſider, that 
this greater weight has a proportionably greater 


part of the i imaginary Dn to communicate a 


preſſure to. 881 * af? 
We are now come to thavi genie experi- 
ment firſt propoſed by M. Paſchal to manifeſt that 
the effect of a ſiphon may depend upon the gra- 
vitation of a fluid. We ſaw eit with our eyes 
and can therefore no longer doubt of it, that the 
weight and preſſure of the oyl cauſed the tinged 
water to take 1 its courle _ the — veſſel in- 
11 to 


15 


to the lower through the bended pipe. But that 
you may have the evidence of reaſon as well as of 
ſenſe, I will give you that excellent author's own, 


explication of this matter, after I have told you 18 
that he, inſtead of our tinged water made uſe. of 9 
quickſilver, and inſtead of our oil of turpentine 1 
he tried his experiment with water. We are to 3 
obſerve, ſays he, that the oil gravitating upon 1 
the tinged water contained in each veſſel, and not A 

at all upon that which is contained in the legs of 1 
the ſiphon, it comes to paſs that the water in the 1 
veſſel is compelled by the weight of the oil, to 5 
aſcend in each leg to the top of the ſiphon, and 4 
there a ſort of conflict muſt happen betwixt the | 
two aſcending columns, each preſſing againſt the 1 
other, and that will neceſſarily prevail which has #4 
the greater force. Now which has the greater ' 8 
force may eaſily be determined, for fince the oil 1 
bas the greater altitude above the lower veſſel by bl 
an inch, it muſt more powerfully elevate the Wa- 1 
ter of the longer leg, than that of the ſhorter by I 
the force which an inch of altitude gives to it. 4 
Whence it ſeems at firſt ſight to follow, that the 6 
water ought to run from the longer to the ſhorter 9 
leg. But we muſt at the ſame time conſider that 1 
the weight of the water in each leg reſiſts the ef- i 
fort of the oil to raiſe it up, but both do not re- 5 
fiſt equally, for the water in the Jonger leg has a 9 
greater altitude by an inch, and ſo makes a greater A 
reſiſtance by the force which an inch can give it. 2 

In the longer leg the water is more powerfully 4 
elevated by the force of an inch of oil, and its 3 
_ aſcent is more. powerfully kindered by the force 4 
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of an inch of water; now an inch of water is 
more ponderous than an inch of oyl; therefore 
the water of the ſhorter leg abſolutely ſpeaking is 
eleyated with a greater force, and conſequently it 
ought to aſcend, and continue to aſcend till the 
water in both veſſels comes to a level. (6 
From hence it appears that the reaſon of the 
higher veſſel's emptying itſelf into the lower, is 
that the water is heavier in ſpecie than the oy]. 
The. contrary would happen if the fiphon and 
the veſſels into which it is immerſed were filled 
with oyl, and all were immerſed in a veſlel of 
water ; for then it would come to paſs that the 
oyl of the lower veſſel would aſcend, and paſſing 


(5) The author has here given us M. PaſchaPs explication 
of his own experiment, but in common diſcourſe I remem- 
ber he explained it as follows. 11 ' OT: 

In FIG. 11. Suppoſing the legs of the ſiphon to be really, 
equal, or which comes to the fame, ſuppotryg an. horizontal 
plane to paſs through. the legs and tinged\water in both cups,. 
the parts of this plane within the legs, when the fiphan is 
full, will be equally preſſed by equal columns of tinged water 
within the legs; but other equal parts of this plane on the 
outſides of each leg, will be unequally preſſed by their in- 
cumbent columns though of equal altitudes; becauſe the 
columns of the higher cup conſiſt of more water and leſs oyl 
than thoſe of the lower. The heavier columns will there 
fore preſs up the higher water into the leg in its cup, with 
greater force than the lighter columns can preſs up the lower 
water into the leg in its cup, and the exceſs of the former 
preſſure above the latter will drive the water along the ſiphon 
from the higher cup to the lower. F 

This exceſs of preffure, which cauſes the flux, is therefore 
as the difference in weight of two columns compoſed of wa- 
ter and oyl, whoſe common baſe is equal to the orifice of the 
ſiphon, and common height is the difference of the heights _ 
% ed de 
e „ LO 6 
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by the top of the ſiphon would deſcend into the 
upper veſſel, upon the account which J have juſt 
now mentioned. For the water preſſing conti- 
nually upon the oil in the lower veſſel with a 
greater force, ſince it has by an inch a greater 
altitude, and the oyl of the lower leg gravitating 
and reſiſting more by an inch of altitude, it 565 
needs come to paſs, ſince an inch of oil weighs 
leſs than an inch of water, that the oil of the 
lower leg ought to be more forcibly elevated than 
the oyl of the higher, and therefore the courſe 
muſt be from the lower veſſel into the higher. 
Upon the ſame account if the fiphon were filled 
with a liquor of the ſame gravity with water, no 
flux would enſue. but all things would remain 
at reſt. | 5 
From theſe experiments 1 might now in a few 
words and very eaſily deduce thoſe inferences, 
for whoſe ſake they were chiefly propoſed, were 
they not already too obvious to be inſiſted on. I 
will therefore only mention them. Suppoſing, 
then the air to be an heavy fluid, and that the ſur- 
face of the earth is as much preſſed upon by this. 

fluid as if it were every where covered with 
quickſilver to the height of about 29 inches and 
an half, or with water to the height of about 34 
feet, as we ſhall hereafter prove; if inthe firſt 
experiment, Fi. 7, we ſubſtitute air inſtead of 
water, and inſtead of the plate of braſs applied to 
the orifice of the glaſs veſſel, two poliſhed planes 
applied together ſo cloſely as to exclude the air 
from getting between, the lower plane muſt of 
— be preſſed di the upper and kept 
ns 


— 
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ſuſpended. So in the laſt but one of theſe ex- 
periments, in which the quickſilver was raiſed 
above its level in the two pipes, FIG. 10, if we 
ſubſtitute the body of a pump for either of thoſe 
pipes, water in the well for quickfilver in the 
veſſel, air incumbent upon the water in the well 
for water incumbent upon the quickſilver in the 
veſſel, and obſerve that, as the water in our ex- 
periment was hindered from entering into the 
pipe by the ſides of the pipe, ſo the air is ex- 
cluded from the cavity of a pump by the ſides of 
the pump and the ſucker; it will be clear to any 
| one, that water may aſcend, by the preſſure of the 
external air upon the ſurface of the water in the 
well, to the height of about 34 feet: The ſyringe 
is a little pump as the pump is a greater ſyringe, 
what has been ſaid of the pump may therefore 
be applied to the ſyringe. The caſe is vey 
nearly the fame with the Torricellian tube, baro- 
meter, or weatherglaſs, in which the quickſilver 
uſually aſcends to 29 inches and an half; that 
height of quickfflver being equiponderant td 34 
feet of water. This alſo may be taken notice of, 
that as in our experiment the quickſilver aſcend- 
ed to the ſame height in both pipes, though. of 
unequal diameters, ſo in pumps and barometers 
the altitude of the liquors is not altered by any 
difference of their bores. The laſt experiment 
is ſo particularly fitted to the common ſiphon 
that any one may make the application. 
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That: fluids preſs: accordin g fo * Perpendicular 


Wenn udes; whatever we their quantities or hows 
ever the containing veſſels be figured; the exact 
ne. F all manner of 2 pi and the in- 
vention of the centre of preſſure upon any propoj= 
Ard. plane, reduced to the fene, of JO 50 
center Yo Pn 4 * | 


TE are now to determine the; qty 


rain; that i is expoſed to the gravitation of a fluid: 
this muſt be done gradually, beginning with 
thoſe | caſes which are moſt ſimple and eaſy, 
and afterwards proceeding to thoſe which are 
more complex and difficult. Let a veſſel à 5e 
Fi. 12, be propoſed containing any fluid, ſup- 
poſe: water, and let à 5 be the upper ſurface of 
the water, and ed the bottom of the veſſel. The 
preſſure upon any part of that bottom, ſuppoſe 
SB. will be equivalent to the weight of a column 
of water g 474, having the part g 5 for its baſe 
and g i or 5 E, the depth under water, for its alti- 
tude. This ſeems to be ſelf-evident, and may 
be beſt proved by the abſurdity of any contrary 
ſuppoſition ; for. 155 be ſaid that g + ſuſtains. a 
_ weight than that of the cee g 1 K, 
e exceſs muſt. come from the adjoining columns 
a cgi and &þdb; now for the like reaſon it 
ought to be ſaid that cg ſuſtains a greater weight 
than nat of the column 20g l, and bd a W 
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of that preſſure which any ſurface ſuſ- 
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than that of the column EA; but if this were 
true, then would all the parts c g. gh and h d to- 
gether, of that whole plane c d, ſuſtain a greater 
weight than that of the columns together, or of 
the whole water which is above it, namely acdb, 
which is abſurd. The like abſurdity will follow 
if it be ſaid that g + ſuſtains a lefler preſſure than 
the weight of the column g 474; the weight of 
that column then which is perpendicularly in- 
cumbent upon it, is exactly ent to the 
| Arve which it ſuſtains. 
This is the quantity of preſſure upon the . 
© 5 in the caſe that has already been deſcribed. 
If the figure of the veſſel be any way altered, the 
preſſure will ſtill be the ſame if the perpendiqular 
diſtance of the plane g h from the upper ſurface 
of the water contained in the veſſel, of whatever 
figure it be, remain unaltered. Thus in FIS. 
. if / ug hom be a veſſel of any irregular 
ſzgure, and Im be the upper ſurface of the water, 
and the perpendicular diſtance of g 5 below Im 
namely gi or + be the ſame as before, the preſ- 
ſure of the veſſelled water Ig ho m upon the 
bottom g h will be equivalent to the ſame weight 
of the column g +74 as before, though the veſ- 
ſelled water /g 4 m be much leſs than that co- 
lumn, as in FIG. 13, or much greater, as in 
Fig. 14. The preſſure is not to be eſtimated 
by the quantity of water but by its altitude. 
For if the quantity of water /g m in FIG. 13. 
be a thouſand times leſs than 1g þ 4, as we may 
eaſily. ſuppoſe it to be, and the quantity of wa- 
ter 1g 0001 in FIG. 14, be a thouſand times greater 
1 than 


& 
08 


than the ſame i g h E, then the quantity of this 
latter will be a million of times greater than that 
of the former, nevertheleſs both will equally 
preſs upon their bottoms g + with a force equiva- 
lent: to the weight of the perpendicular column 


8 5; which may deſervedly be accounted a 
paradox in hydroſtaticks, but may thus, among 


z 


other ways, be rendered intelligible. ft 


Loet us conceive each of thoſe veſſels placed in 
a larger ad; the preſſure upon g h will be the 
ſame whether we ſuppoſe the water /ng hom. 


to be contained in its proper veſſel / go m, or, 
imagining that veſſel to be away, we ſuppoſe its 
place to be ſupplied by the ambient water ac g2/ 
_ andSombd; for any parce] of water may be 
conceived to be kept in by the reſt of the water, 

which every way ſurrounds it as in a veſſel, ſup- 


poſing all things at reſt. Nov in this latter caſe 


where we ſuppoſe the ambient water ac gun. and 
Bomb d to be a veſſel to the water In g h om, the 
preſſure upon g 4 is equivalent to the weight of 


the column g +474, as has been already made out; 


therefore in the former caſe, where the water 


Ing bo m was contained in its proper veſſel, the 
preſſure upon g will be alſo equivalent to the 
weight of the ſame column g iE. By the ſame 
way of reaſoning we may conclude that the water. 


contained in any other more irregular veſſel, as 


In gh m in FIG. 15, preſſes upon the bottom 


with a force equivalent to the weight of the co- 
lumn of water gi; having the ſaid bottom 
for its baſis, and g i or h &, the perpendicular diſ- 


tance of the planes gh and /m, for its altitude. 
= Th a 
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30 We exa& eſtimate o L ect. 
uf the plane g 5 be oblique to the horizon; as 
in FI. 16, the preſſure upon g from the wa- 
ter of the veſſel I ug Bo n, or from that of the 
veſſel e g , or Fav that of the larger veſſel 
4d b, Will Mill be the fame, if the upper ſur- 
faces I m, e, and ab be in the fame plane or at 
the ſame altitude above g 5. The altitude is 
every where the meaſure of preſſure whatever be 

the quantity of the fluid, or however the contain- 

| ing veſſel be end Ohe | 7, 2711 

(a) The. ds gave an n 3 of OS con- 
uten as follows. FIG. 17 repreſents a large mouthed ſiphon 
inverted and partly filled with water, whoſe ſurface always 
reſts at the ſame level in both legs; conſequently ſuppoſing | 
the ſiphon to be cut at the bottom of the flexure by an ima 
ginary plane, the water in both legs, however different in 
ſhape and bulk, preſſes with equal and oppoſite forces againſt | 
that plane; otnerwiſe the level of the Water would ſoon be 
altered and deſtroyed. 

It has been ſhown above, that the braſs plate a FR in og = 
being about eight times heavier than-an equal bulk of water, 
will, by the preſſure of the water underneath it, be ſupport-' 
ed at the mouth of the inner veſſel, if the plate be immerſ- 
ed under water above 8 times its thickneſs. his being done, 
let other water be gradually poured through a funnel into 
the inner veſſel, till its weight and preſſurè ſhall cauſe the 
plate to deſcend, and at that inſtant let che altitude of the 
inner water above the plate be obſerved, or rather the diffe- 
_ rence between the altitudes of the inner and outer Water, 
Which difference by theory ſhould be about eight times the | 
thickneſs of the plate. 

This being obſerved, take up the inner veſſel, and into its 
mouth ſqueeze a large "cork cd with a wet leather bound a- 
bout it, fo far as to leave a thin ſpace between it and the 
plate applied to the orifice of the mouth, as repreſented. in 
Fie. 18. A glaſs tube g h was firſt. ſqueezed through a hole 
in the middle of this co:k and cemented to it, and then the 
wire e 7. fixed in the plate was put through the tube. Then 
DIE while - 
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2 Ir ſhould NOW. proceed to eſtimate the preſſure | 
upon planes which are either perpendicular or 
oblique to the horizon, hut becauſe the ſeveral 
indefinitely ſmall parts, of which ſuch planes are 
compoſed, are acted upon with different forces, 
accordingly as the particles of water, by which 
they are immediately touched, happen to be at 
different depths; and ſince the total preſſure is 
made up of all theſe different forces taken toge- 
ther, we ought before We go any further to con- 
ſider, what will be the preſſure which each of 
theſe indefinitely ſmall parts ſuſtains. Firſt then 
we are to conſider that every ſmall particle of 
water, which is at reſt, is preſſed upon equally 
on all ſides by tlie other particles which ſurround 
it, otherwiſe it would yield to the ſtronger force 
till it were equally preſſed every where; and as 
it is equally preſſed on all fides, ſo does it every 
way by reaction equally preſs whatever is con- 
tiguous to it, according to all poſſible contrary di- 
rections; for ſhould it -preſs leſs than it were 
preſſed, it muſt neceſſarily yield to the force 
which is ſuppoſed greater than its .own ; and 


| o 
? 
ga 
4 
4 

| 

BY 
* 
** 
*. 
* 
1 
2% 
43 
$ OL 
|: 
$4 i 
7 N of 
. 
1 
a 9 


d 
* 

# 
* 


n 


2 * n 
A 2 
A (( 
i = v.99 - C2 LSE. 


2 
9 N 
22 Ia AS - 


T ² ˙ ͤll Wor len Ben ep ned me ye rim Fray: ng whe 4 * 
r TN EIS Dr Dr N FFF 2 r - 2% I'S ; 


while the plate is held by the end of the wire againſt the 
orifice of the inner veſſel, the whole is let down into the 

water in the outer veſſel, by whoſe preſſure upwards the plate 

is again ſupported, as before. But by degrees the ambient 

water will inſinuate itſelf between the orifice and the plate, 

into the thin ſpace above it, and this being filled, it will 

quickly riſe into the tube, where as ſoon as it arrives at the 

altitude before obſerved in the whole inner veſſel, its weight. 
and preſſure will immediately cauſe the plate to deſcend: 

which ſhews that the preſſure of this ſmaller quantity of water 

is equal to that of the larger upon the ſame baſe... =. 
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32 The exact eflimate of Le, 
ſhould it preſs more than it were preſſed, its force 
would neceſſarily remove its weaker antagoniſt. 
Therefore ſince all things are ſuppoſed to be at 
reſt, we cannot any ways imagine this inequality 
of preſſure to take place. Now it has been prov- 
ed before, that the preſſure from above is equiva- 
| lent to the weight of the incumbent column of 

water, therefore the preſſure from any other part, 
or according to any other direction, is alſo equal 
to the weight of the ſame incumbent column; 
and ſince action and reaction are equal, the par- 
ticle itſelf muſt preſs according to all mannes of 
directions with the ſame force, which is equiva- 
lent to the weight of the incumbent column. It 
is evident then that as fluids preſs according to 
all poſſible directions, ſo are the preſſures equal 
according to all directions, if the points of con- 
tact in which the preſſures are made be at equal 
depths. This being allo red we may Droceet 
to what remains. 

Suppoſing then that 2 c d J in Fre. 19, is a 
cubical veſſel in which the water reaches to the 
top, ſo that its upper ſurface be repreſented by 36, 
let it be required to determine the preſſure Which 
one of its fides a c ſuſtains from the included 
water. This fide a c though repreſented here by 
a line, to avoid confuſion in the ſcheme, is ſup- 
poſed to be a ſquare. The meaſure of the preſſure 
upon every phyſical point of that ſquare, or as it is 
here repreſented, of that line à c, is the altitude 
of the water above that point; thus the preſſure 
upon / is meaſured by 2 /, the preſſure upon m. 
by a m, the preſſure upon u by 4 , and the preſſure 

upon 
/ 


ni. all manner of preſſures. 33 
upon c by a c, and the ſame may be ſaid for any 
other points of the line ac; therefore the preſ- 
fure upon the whole line, or upon all the points 
of it, will be meaſured by the ſum of ſo many of 
thoſe altitudes 40, am, an, ac, as there are points 
in the line ac. Now that ſum may be eſtimated 
by drawing the perpendicular Jo equal to /a from 
the point /, the perpendicular p equal to n 4 
from the point , the perpendicular 29 equal to 
nua from the point n, and the perpendicular c d 
equal to ca from the point c. Now it is evident 
that the ſum of a l, a m, an, ac muſt be equal to 
the ſum of Jo, mn p, u g, c d, and if from every in- 
114 termediate point between a and I, I and mn, m and 
u, n and c, perpendiculars be conceived to be 
drawn after the ſame method, the ſam of all thoſe 
perpendiculars will be the meaſure of the total 
preſſure upon the line ac. But the ſum. of all 
"thoſe perpendiculars is equal to the area of the 
triangle acd, therefore the area of the triangle acd 
is the meaſure of the preſſure upon the line ac. 
No as the line à c repreſents a ſquare, ſo will 
the triangle ac d repreſent a priſm, having the 
ſaid triangle for its baſe, and the fide of the 
ſquare for its altitude. The weight of that priſm 
of water is therefore equivalent to the preſſure 
made againſt the ſquare, or fide of the cube. 
That priſm is equal to half the whole-cube, as 
we learn from Euclid's elements, therefore the 
_ preſſure againſt the ſquare is equivalent to half 
the weight of the whole water contained in the 
veſſel. There are four ſuch ſides of a cube beſides 
the top and bottom, and each of thoſe four * 
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for the ſame reaſon ſuſtains the ſame preſſure, 


therefore all together ſuſtain four times half the 
weight, that is twice the whole weight of the 
Water. And the betete oy: what has been 


to the whale — of the water ; the 
bottom and ſides together of a cubical veſſel filled 
with water, ſuſtain a preſſure from the water e- 
qual to thrice the weight of it. | 
72 have endeavoured to make ihe: thing as eaſy. 
6 believe the nature of it will permit, ever 
ſince that part of this deduction where I told you 


the triangle acd did at the ſame time repreſent 


the-priſm when the line ac repreſented the ſquare, 
whths be perhaps a little obſcure, I will endea- 
vour to clear up this matter ſomething further. 
Let then ac fe in Fig. 20 repreſent the ſquare 
ſide of the veſſel, and cd g f repreſent the ſquare 
bottom of the ſame. It was proved before that the 


preſſute exerciſed upon the line ac was meaſured: * - 


by the triangle acd;: by the ſame way of reaſon- 
. may be proved that the preſſure upon the 

line e is meaſured by the triangle /g, and the 
preſſ ure upon any other line 5 i, which is parallel 


to theſe two and ſituated between them, is mea- 
ſured by its reſpective triangle 47 4. If we ima- 


gine the ſquare ac fe to be made up of an infinite 
number of ſuch intermediate lines as hi, the preſ- 
ſure upon the whole ſquare will be made up of 
the ſame infinite number of ſuch equal triangles 
as: H i now the ſum of all thoſe: triangles make 
up the priſm a eg dc, and this priſm is half the 
whole cube, as in the: former W the 1 8 
acd is half the — acd b. 
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* 342 If the plane 420 e inſtead of being a ſquare 
 wereza rectangled parallelogram, having its ſide 
4e either longer or ſhorter than ac, it would fol- 
low from the principles, that the preſſure to which 
it is expoſed, would be equivalent to the weight 
of a like priſm of water having the triangle 2c d 
for its baſe, and the fide e for its altitude. 
I have been hitherto ſpeaking of planes which 
are either parallel or perpendicular to the hori- 
zon;.-1t-will be no difficult matter to apply what 
has been ſaid of perpendicular planes to thoſe 
which are oblique. Let ac in F16. 21 repreſent 
any ſuch- oblique plane, and let the upper ſurface 
of the water be 26. The meaſure of the preſſure 
upon the point / is /s the altitude of the water 
above that point, ſo F is the meaſure of the preſ- 
3 pairs n, vn the meaſure of the preſſure upon 
u, and c the meaſure of the preſſure upon c. 
Upon ac erect the perpendiculars Jo, np, ug, er 
equal reſpectively to /s, ut, nu, cx, and imagine 
the like conſtruction to be made for all the other 
points of the line ac, and the ſum of all thoſe 
perpendiculars, that is the triangle 201, will be 
the meaſure of the preſſure upon the whole line 
- ac. If this line @c be ſuppoſed to repreſent. a 
Parallelogram as before, then the triangle ac r 
will as before become a priſm, and the weight of 
that priſm of water, which we are taught by 
Euclid how to meaiure, will be the preſſure ſuſ- 
tained by the parallelo gramm. 
I have hitherto ſuppoſed that the line ca or 
the parallelogram repreſented by it, coincides with 
the ſurface of the water at a; if that does not hap- 
N 9 pen, 
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36. The erat eftimate <A Lea: 
pen, but the higheſt part of the line or parallelo- 


gram 1s at ſome diſtance from the ſurface, a com- 
putation of the preſſure will ſtill be eaſy enough. 
Suppoſe mc in Fi6. 21, were the line or paral- 
lelogram propoſed; the preſſure upon the line mc 
will be meaſured by the trapezium or four- ſided 
figure mcrp, and the preſſure upon the parallelo- 
gram repreſented by that line, will be a priſm 
having that trapezium for its baſe, and the other 
fide of the parallelogram, which is ſuppoſed pa- 
rallel to the ſurface of the water, for its altitude. 

From what has been ſaid of theſe few particu- 
lar inſtances we may now underſtand, that the 
preſſure upon any plane of whatever figure and 
ſituation, is equivalent to the weight of a ſolid 
of water, which is formed by erecting perpendi- 
culars upon every point of the plane propoſed, 
equal to the reſpective diſtances of thoſe points 


from the upper ſurface of the water. For the 


perpendiculars being the meaſure of the preſſure 
upon the points from which they are erected, the 
ſum of theſe perpendiculars, or the ſolid formed 
by them, will be equal to the ſum of the preſ— 


ſures upon the points, or the total e upon 


the whole plane. 


Or we may thus expreſs the ſame thing after 
another way, and fo take in all curyed ſurfaces 


as well as planes; that the preſſure upon any ſur- 


face is equal to the ſum of all the products which 
are made by multiplying every indefinitely ſmall 
part of the ſurface into its diſtance from the top 


of the water. For the preſſure upon each of thoſe 


parts is equal to a nn of water having the 
£57 Ag 3 R N ; part 


1 ö 
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part for its baſe, and the diſtance from the top of 
the water for its altitude; and every one knows 
who has the leaſt ſkill in geometry, that thoſe 
columns are meaſured by multiplying their baſes 
by their altitudes ; therefore the ſum of the pro- 
ducts of all thoſe baſes or little parts by their alti- 

-tudes, or reſpective diſtances from the top of the 
water, will be equal to all the columns upon every 
little part, and therefore to a body of water whoſe 
weight will be equivalent to thę total preſſure 
1 the whole ſurface. _ 

No to find the ſum of all theſe products, or 
a body of water equal to that ſum, is a very dif- 
ficult problem in moſt caſes. Stevinus in his hy- 

droſtaticks, has attempted it only in a few in- 
ſtances, and thoſe of plane ſurfaces, and amon 
pry furfaces he meddles only with ſuch which 
e calls regular, nevertheleſs he has gone the far- 
theſt in this matter of any writer I have met 
with. To ſupply then this defe& I will here lay 
down another rule, which is not only univerſal, 
but alſo as eaſy and ex peditious as can be deſired. 

It is this; the preſſure upon any ſurface what- 
ever, however it be fituated, is equal to the weight 

"YL of a body of water whoſe magnitude i is found by 
multiplying the ſurface propoſed into the depth 

of its center of gravity under water. So the preſ- 

ſure upon any number of ſurfaces of different 

bodies, however differently ſituated, is equal to 

the weight of a body of water whoſe magnitude 

is found by multiplying the ſum of all thoſe ſur- 
faces into the depth of their commen center of 
gravity under water. 
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The demonſtration of this rule may n not per- 
haps be fully underſtood by thoſe who art unac- 
quainted with ſtaticks and the nature of the cen- 
ter of gravity, however I will here puduce it, 
that thoſe who can, may underſtand it, and that 
others, taking now for true what I ſhall aſſume 
as demonſtrated by the writers of mechanicks, 
may afterwards be fully ſatisfied of it, when they 


come to underſtand the theorem it is grounded 


upon; which is, that if every indefinitely ſmall 
part of any ſurface, or number of ſurfaces, be 
multiplied reſpectively into its perpendicular di- 
ſtance from any propoſed plane, the ſum of thoſe 
* will be equal to the product of the whole 

urface or number of ſurfaces multiplied into the 
perpendicular diſtance of the center of gravity of 
the ſingle ſurface, or of the common center of 
gravity of the whole number of eee n 


the ſame plane. (6) 


(5) In FIG. 22, let any nymnber of quantities a, fy 65 d, re- 
preſent as many weights, hanging at their centers of gravi- 
ty a, b, c, d, by the lines ao, bo, co, do, fixed to any hori- 
Zontal plane o, o, o, 6; and let & be the common center of 


2 | hg of all the weights, and zo its perpendicular diſtance 


that plane; I ſay that a x I AN RO EUN x 
do a ed 2 0. 


For let the common center of gravity of the weights a, 5 


| be the point x, and to the line x o drawn parallel to the reſt, 


let am and hn be perpendiculars. Then by the fumilar tri- 


angles mx'a, Mh, we havemx:nx::(xa:cwbii)bia 


by the known property of a center of gravity. Hence 4 x 
mx=bXnx, or aXmo—xo=byxxo—n'o, or, aX mo 


2X Yom XK & ne, whence ax mod-bxXno 
DAP xxo; which was to be proved in the Fame caſe 


of the pipe.” hen 
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Now taking the upper ſurface of water for that 
plane to which we refer the Waden ſmall 
parts of the ſurface which is expoſed to the preſ- 
ſure we are concerned with, ſince it has been al- 
ready ſhewn, that the preſſure upon the whole is 
equivalent to the weight of a body of water which 
is equal in magnitude to the ſum of all the pro- 
ducts, made by multiplying every little part by its 
diſtance from the upper plane of the water; and 
this ſum of products, by the ſtatical theorem I 
have been mentioning, is exactly equal to the pro- 
duct of the whole ſurface or number of ſurfaces 
multiplied into the diſtance of the center of gra- 
vity from the upper plane of the water; it will 
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| Now let a weight x =a + be ſuſpended by a line æ a in 

the common center of gravity of à and b, and likewiſe a 

weight y=x +c in the common center of gravity of x and c, 
and alſo a weight-z=y+4 in the common center of gravit 
of y and d. Then is z the common center of gravity of al 


the weight a, 6, e, d, firſt propoſed. _ = 
: Conſequently by what has been proved in the firſt eaſe, 
we have ax tx bo==wx x x 0, and likewiſe x x v.o+c 
Ng & ye, and likewiſe yx yo-dxXdo=2X20; conſe- 
.quently ax a K be ex c yx ye, and likewiſe ax 40 


+bxbo+cxcobdxdo=(zx20=)a+b+ +2 
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X $0, which was to be proved. | 85 8 
Hence if a ſurface or number of ſurfaces of any kind be 
conſidered as equally ponderous in every equal part, and as 
divided into indefinitely ſmall parts, ſuſpended by lines, drawn 

from their centers, perpendicular to any horizontal plane; 

it is manifeſt that, if every part be multiplied reſpectively into 

its perpendicular line, the ſum of the products will be equal 
to the product of the whole ſurface multiplied into the per- 
pendicular diſtance of its center of gravity from the ſaid plane: 
and that this equality of the products will ſubſiſt even if the 
ſaid lines be perpendicular to any plane, though not parallel 
to the horizon. 8 1 1 
88 C4 fol- 
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follow, that the ſame product is the meaſure of a 
magnitude of water whoſe weight is equivalent to 
the preſſure required. The ſame rule may be de- 
monſtrated by ſeveral other methods, but I have | 
pitched upon this as the fitteſt for my purpoſe. | 


Another thing which Srevinus propoſes to bim 


ſelf, is to determine the center of preſſure upon 


any plane. Before we can diſcourſe any farther 
about this, we muſt declare what is meant by that 


center. It is then the point to which if the total 
 prefſure were applied, its effect upon the plane 


would be the ſame as when it was diſtributed un- 
equally over the whole after the manner before 


* 


dieſeribed; or we may ſay it is that point in which 
the whole preſſure may be conceived to be unit- 
ed ; or it is that point to which if a force were 
applied, equal to the total preſſure but with a con- 
trarydirection, it would exactly balanee or reſtrain 
the effect of the preſſure, Thus if abed in Fre: 
23, be a veſſel of water, and the fide ac be preſſed 
upon with a force equivalent to twenty pounds 
of water, this force we have feen is unequally dis. 
{tributed over 2 c for the parts near g being at a 
lefler depth, are less preſſed upon than the parts 
near c which are at a greater depth, and therefore 
the efforts of all the particular preſſures are united 
in ſome point z, which is nearer to c than to a, 


and that point is what may be called the center 


of preſſure: if to that point a force equivalent to 

twenty pounds weight be applied, it will affect 
the plane ac in the ſame manner as before by the 
preſſure of the water diſtributed unequally ow sr 
the whole. En And i to the fame - we applythe 4 


; - lame 


111. * all manner of preſſures. | 41 
ſame force with a contrary direction to that of 
the preſſure of the water, the force and preflure 
will balance each other, and by contrary endea- 
vours deſtroy each others effects. Suppoſe at z a 
cord 2p w were fixed, which paſſing over the 
_ pulley: P, has a weight w of twenty pounds an- 
nexed to it, and that the part of the cord z p were 
rpendicular to ac ; the effort of the weight ww 
is equal, and its direction contrary to that of the 
preſſure of the water. Now if 2 be the center of 
reſſure, theſe two powers will be in equilibrio, 
and mutually defeat each others endeavours. 
It may be worth while to be acquainted with 
a rule for finding that center in all caſes. We can- 
not have much help from Stevinus in this buſi- 
neſs; he undertakes only a few particulars and 
thoſe which are the eaſieſt, ſuppoſing that his 
reader will apply the like method to other cir- 
cumſtances; but they who ſhall endeavour to 
make ſuch an application, will in moſt caſes find 
it more difficult than they might poſſibly expect. 
J have for that reaſon deviſed this * rule 
which follows. 
If any plane which bagpens to be el be 
: produced till it interſects the upper ſurface of the 
water produced, if need be, and the line which is 
the common ſection of the two planes, be made 
an axis of ſuſpenſion; the center of oſcillation or 
percuſſion of the plane, as it is ſuppoſed to re- 
volve about that axis, will be the center of preſ- 
ſure required. Thus if ac in FIG. 24, repreſents 
the plane propoſed, let it be produced till*it cuts 
the we: gh in a, now if d be made the axis of 
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ſuſpenſion of the plane a c, the center of percuſ- 
fion of the plane @ c revolving about d, will be 
alſo the center of preſſure upon the ſame plane. 


Hor if the percuſſive forces of every point of 


ac be as the preſſures exerciſed upon thoſe points, 
then the center of percuſſion muſt needs be the 
fame with the center of preſſure; and that the 
force of percuſſion is every where as the preſſure 


of the water, may thus be proved. The percuſſive 


force of any point, ſuppoſe 5, is as the velocity of 


that point, and the velocity is as the diſtance 3 
of the point from the axis of motion; ſo the per- 


cuffive force of à is as ad, of c as cd; ſince then 
the percuſſive forces of a, 6, c are as the lines da, 
4b, 4c, and theſe lines are as the lines ea, fb, ge, 
perpendicular to the ſurface of the water, and 
theſe laſt lines are as the preſſures upon a, b, and 
c, it follows that the percuſſive forces, taking the 
interſection d for the axis of ſuſpenſion or motion, 
are reſpectively as the preſſures upon. the ſame 
points ; therefore the center of percuſſion or of- - 
cillation is the ſame with the center of preſſure. 
Ihe geometers of the laſt age have proſecuted 
the problem of finding the center of oſcillation 
very diligently, being excited thereto chiefly by 
the noble invention of pendulum clocks ; the 
rules they have laid down for that purpoſe are 
eaſy enough, and the applications they have ac- 
tually made of thoſe rules are not a few. Havin 


therefore ſhewn how the center of ofcillation 


may be made uſe of for determining the center 
of preſſure, I preſume T have by this time luft. 
8 r : chal ! ; PL : Se ciently 


in. - alt manner. of. preſſures. a 
_ cienth) clear up what I propoſed; but for fur- 
ther i illuſtration I will add a couple of examples. 
Let it be required to find the preſſure which a 
diver ſuſtains when the center of gravity of the 
ſurface of his body is 32 feet under water. The 
ſurface of a middle-fized human body is about 10 
ſquare feet. Multiply then 32, the depth of the 
center under water, by 10 the ſurface of the bo- 


dy, and the product, or 32 times ro ſolid feet, 
will be a magnitude of water whoſe weight is 


equivalent to the preſſure which the diyer ſuſ- 
| tains, by the rule before laid down. A cubick 

foot of water has been found by experiment to 
weigh roooaverdupois ounces, therefore 32 times 
10 feet, or 16 times 20 feet-of water, will weigh 
16 times 20000 averdupois ounces or 20000 a- 

verdupois pounds. This therefore is the preſſure 


of the water to which a diver at 32 feet depth is 


expoſed. 

Again in Fi6.2 10 let the right angled parallel- 
ogram abcd be a wall, dam, or pen of timber 
perpendicular to the horizon, made to keep in a 


pond of water, whoſe upper ſurface reaches to 


ab; let ab be 20 feet, and ac 12. Let & be the 
center of gravity of the plane; the depth of that 
center & will be equal to half g þ or half ac, that 
is 6 feet. The area of the plane is found by mul- 
tiplying ac by a6 or 12 by 20, it is therefore 


240 ſquare feet; multiply, according to the rule, 
the area 240 by 'g & which is 6, and the product 


will be 1440 cubick feet of water, which weighs ſo 
many thouſand ounces, that is ꝙoooo pounds; and 


| 12 2 is the preſſure which the dam abc ſuſtains. 
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To find the center of that preſſute we muſt 
jake the line @ b, which is the common ſection 
ma the dam and the upper ſurface of the water, 
the axis of the ſuſpenſion of the plane ab cdi now 
it appears by the diſcovery. of Huygens, Wallis 
and other geometers.that 2, the center of oſcilla- 
tion of this plane ſo ſuſpended, will be in the line 


by which biſects this plane and is parallel to. @ c 


or 6d; and that the line g z will be two thirds 
of gz, that is 8 feet; and the ſame point z fo 
determined is, as was proved before, the center 


of e rogvuiced.. 


"LECTURE W. 


of the PO and floating. of bodies immerſed in 


ds, their relative. gravities and levities, their 


| Ptuations and poſitions : the henomena of 64 
Suben accounted pe 5 


| E e are now to nike; our enquiries con- 
* cerning the ſinking and floating of bodies 
immerſed i in fluids; their relative gravities, their 
levities, their ſituations and poſitions. This is the 
ſubject of Archimedess two books de Infidentibus 
Humido, of which the Latin tranſlation is yet ex- 
tant, though the original in Greek be loſt, I will 
therefore give you the ſubſtance of his doctrine 
with ſome additions. But becauſe the laſt propo- 
ſitions of his firſt book demonſtrate to us the 


poſtures in which a floating portion of a ſphere 


will compoſe itſelf, and the whole ſecond book, 
c the firſt e 105 is Lee taken 


x $%; 10 8: 2 up 


iv. | of bodies 5 in Pld... 13 5 
up in determining che like for the Pabel 
conoeid (which is a ſolid formed by the revelu- 
tion of a parabola about its axis) I will content 
myſelf to make out and demonſtrate to you the 
foundation upon which thoſe theorems of his ate 
grounded, paſſing by the application of it to par” 
ticular ſolids, as being a matter that belongs more 
properly to geometry than to hydroſtaticks, ' * 
We have already ſeen that fluids preſs upon to!” 
dies to which they are contiguous every way, and 
on all ſides, but the preſſure upon each part is not 
the ſame; the altitude of the fluid is every where 
the meaſure of its force; and the ſeveral parts of 
the ſame body being at different depths, muſt 
needs be differently affected. We ought there- 
fore to conſider hc of all theſe imprefſions will 
prevail. Now it is evident that the lateral preſ- 
ſures do all ballance each other, being equal, as 
ariſing from equal altitudes of the fluid, and o 
poſite in their directions; ſo that from theſe Jo 
body is no ways determined to any motion. But 
thoſe parts of the fluid which are contiguous to 
the under ſurface have a greater altitude, and 
therefore a greater force than the others which 
are contiguous to the upper; therefore the body 
mult of neceſſity be more violently elevated by 
the former than depreſſed by the latter, and would 
therefore aſcend by the exceſs of force were it 
devoid of gravity. Now it is eaſy to under- x 
ſland, that this exceſs of force is equivalent to 
the weight of ſo much of the fluid as is 8 7 4 
magnitude to the bulk of the body, vey, foo 
Ciffernce in weight of two columns of the fluid, 
1 whereof 


2. 


+4 
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'Whereof, one reaches to the a the other to 
the under ſurface of the body. 
It has been objected, by 92 t the gra- 
Vitation of fluids in proprio loca, that bodies im- 
werſed would of conſequence be violently detrud- 
ed to the bottom, whereas we ſee in fact that the 
contrary is true; ſome which are. ſpecifically 
| Tighter than the fluid being even buoyed up by it. 
"Thoſe who make this objection ouglit at the ſame 
time to have conſidered, that as the upper parts 
of the body are depreſſed, ſo are the under more 
powerfully elevated, and therefore that ſetting 
aſide the conſideration of the body's own weight, 
it ought always to aſcend; but taking in that 
conſideration let us now. ſee what the event will 
be; and this may be eaſily determined. For 
fince all bodies endeavour to deſcend: by the force 
of their own weight, and to aſcend by the weight 
of an equal bulk of the fluid in which they are 
immerſed, it muſt of neceſſity come to paſs, that 
if the, weight of the body be greater than the 
| weight of an equal bulk of the fluid, it will- de- 
ſcend with a force that is equal to the difference 
of thoſe two weights; if the weight of the body 


leſs than the weight of an equal bulk of the 


fluid, the weight of the fluid muſt prevail, and 
Carry it upwards-with' a force that is equal alſo 
to the difference of the two weights; and this is 

the cauſe of the deſcent or aſcent of bodies, as 
they are ſpecifically heavier or lighter than che 
fluid in which they are immerſed. 


OS — 


The ſame thing is made out by NS "Tm method 
Wich is r different from this which we 


| 5 20872" have 


iv. N bodies in „. 8 47 
have ak uſe of. We are to ſuppoſe, in what 
place foever within the fluid the body is 9 171755 
to be, that there paſſes bx it an imaginary plane 
touching its under ſurface and parallel to the ho- 
rizon. Now it has been made manifeſt that this 
fluid cannot compoſe itſelf and be at reſt till every 
equal part of this plane ſuſtains an equal preſſure; 
if then the body be of an equal gravity with ſo 
much of the fluid as is equal to it in bulk, and 
whoſe place it takes up, the part of the ima- 
ginary plane, which is directly under the body 
will be equally affected by the preſſure of the 
fluid and body together, which are ſuperior to it, 


with the other equal parts of the ſame plane, 


which are preſſed upon by the fluid alone; there- 
fore there can be no reaſon aſſigned why the 
body ſhould give way either by aſcending or de- 
ſcending, but it ought to maintain the place 
given it. If the body be heavier than ſo much 
of the fluid as is equal to it in bulk, this part of 
the imaginary plane which is directly under it, 
will be preſſed with a greater weight than the 


other equal parts of the ſame plane, by the ex- 
ceſs of the body's weight, above the weight of 


an equal bulk of the fluid; that part muſt there- 


fore yield, and the body muſt deſcend with a 
force equal to that exceſs. By a like way of rea- 


ſoning we may collect, that if the body be light- 


er than an equal bulk of the fluid, it will be buoy- 
ed up by that part of the plane which is under it, 

with a force equivalent to the difference in weight 
of that equal bulk of the fluid and the hoy 
and upon the fame” account it muſt continue 
to enk till 3 part of this 1 imaginary plane, 


which 
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48 The 1 and floating © Led. 
which is conceived to follow it, aways touching 
Its under ſurface, be equally preſſed upon ; that 
is, till the body be ſo far extant above the ſurface 
of the fluid, that the weight of a part of the fluid 
equal in bulk to the part of the body immerſed, 

be equal in gravity to the whole body. And then 
alſo the — immerſed will be to the whole, as 

the ſpecifick gravity of the body is to o the ſpecifick 
e the fluid. () 


(a) The author uſed to 3 theſe coneluſions by the 
following experiments. To try the force of deſcent of a ſo- 
lid, he uſed a ſmall glaſs bottle ſtopt up, having ſhot enough 
in it to cauſe it to deſcend in water, and a horſe- hair tied 
about the neck of it, by which he ſuſpended it to the ſcale or 
beam of a balance. 

To find the weight of a bulk of water equal to this bottle, 
conſidered as the ſolid, he firſt put it into a narrow cylindri- 
cal glaſs jar, and poured in water enough to cover the bottle; 
then taking it out, he weighed the jar and water contained; 
then he placed the jar upon a table, and having immerſed 
the bottle in it, he placed a ſlip of wet paper upon the out- 
fide of the jar, ſo that the edge of the paper might appear to 
coincide with the ſurface of . water, if his eye placed in 
that ſurface produced; then taking out the bottle he poured 
water into the jar, till its ſurface roſe up to the edge of the 
paper as before. This water then was equal in bulk to the 
bottle, and its weight he found by replacing the jar in the 
ſcale, and adding a ſeparate weight to the ormer, 2 
to counterpoiſe the additional water. 

Place this counterpoiſe in one ſcale and the bottle in the 
other, and the weight added to make an equilibrium, will be 
the exceſs of the bottle's een above the weight of a bull 
of water equal to it. 

Then ſuſpending the bottle in water, by the hair, to the 
arm or ſcale of the balance, from the oppoſite ſcale take out 
the weight of the equal bulk of water, and the remaining ex- 
. _ _ ceſs, found above, will juſt balance the force of the * 8 

deſcent, by reyring the ſcales i in en f 


4 
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Ik two fluids which will not eaſily mix with 
bil other be contained in the ſame veſſel, fo that 
the lighter may float upon the heavier, a ſolid bo- 
dy, which is heavier than the lighter of the two 
fluids, and lighter than the heavier, will not ſuffer _ 
itſelf to be totally immerſed in either of them. 
If it be placed wholly within the heavier it will 
aſcend, if it be placed wholly within the lighter 
it will deſcend for the reaſons before given ; and 
will never reſt in any place till it be fo diſpoſed, 
partly within one and partly within the other, 
that the weight of ſo much of both fluids, whoſe 
place it poſſeſſes, be equal to the weight of it. 
If any one will from hence compute what pro- 
portion the parts contained within each fluid bear 
to each other, or in what proportion the com- 


The force of aſcent of a thin glaſs bubble, or any ſolid 
lighter than the fluid, may be tried by an inverted balance, 
placed"at the bottom of a Jarge veſſel full of water as repre- 
ſented in Fig. 26, 

For having found the weiche of a quantity of water equal 
in bulk to the bubble (by immerſing it wholly in the water 
of the cylindrical glaſs abovementioned) and alfo the exceſs - 
of this weight above that of the bubble itſelf, as before; 
han the ſolid by an horſe-hair-loop to an arm of the invert-: 

ef 58 lance, and connect the oppoſite arm to that of a com- 
. balance by another horſe-hair ; then that exceſs of 
weight, Faced i in the oppoſite ſcale, will balance the force of 
the bubble's aſcent, by keeping the ſcales in equilibrio. 

To ſhew that a quantity of a fluid equal in bulk to the 
part immerſed of a floating ſolid, is equal in weight to that 
of the whole ſolid, weigh a larger glaſs jar partly filled with. 
water, and having taken it from the ſcale, let a ſmaller jar 
float upon the water and mark its altitude with a wet paper, 
as before; then having taken out the leſſer jar and filled the 
larger wieh water up to the mark, replace the larger in the 
ſcale, and the leſſer jar being put to the former weights in the- 
des an ſcale, will produce an equiſihgiurn. 


mon 


go. The ſinking and floating Lect. 
mon. ſurface of both. fluids divides the whole ſo- 
lid, he will find, that the part contained within 
the heavier, muſt be to the part contained with- 


in the lighter, as the difference in weight of the 
folid and an equal bulk of the lighter, is to the 


difference in weight of the ſolid and an equal 
bulk of the heavier : and that the part immerſed 
in. the heavier, 1s to. the whole, as the difference 
in weight of the ſolid and an equal bulk of the 

lighter, is to the difference in weight of an equal 


bulk of the heavier and the ſame equal bulk of 


ee, | 

Hence if we would be fo. ſcrupulouſly exact 
we may eaſily correct that ſmall error in the rule 
of Archimedes which was before delivered for 


floating bodies; namely, that the part immerſed. 


was always to the whole, as the gravity of the ſo- 


lid is to the gravity of the fluid. For fince the air 


is an heavy fluid, though it be the leaſt heavy of 
all others, yet by reſting upon the upper ſurface it 
has this effect, that in reality it will not permit a 
ſolid to be altogether ſo deeply immerſed as it 
would otherwiſe be if the air were removed, 


which the rule ſuppoſes. Allowing then for the 


(5) Let the parts of the ſolid contained within the heavier - 
and the lighter fluid be 4 and B, in FIG. 27, and the ſpeci- - 
fick gravities of the reſpective fluids as a and b; / then ſince 
the abſolute gravity or weight of any body is compounded of 


its magnitude and ſpecifick gravity, the weight of a quantity 
of the heayier fluid equal in magnitude to the part A, is 4 4, 


and the weight of a quantity of the lighter fluid, equal in mag- 
nitude to the part B, is b B, and the ſum of their weights is 
a 4-+b B=c x A+ B ſuppoſing e is as the ſpecifick'pravity | 
of the ſolid 4+ B. Hence a CAS B-, and con- 


ſequently 4: B:: c b7a—c; and conjointly 4: 4 +B 
combiamnt, : CEN 1 


* 4 


3 
2 * 
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air's preſence we may thus expreſs the poporticy 
That the part immerſed is to the whole, as the 
difference in weight of the ſolid and an equal bulk. 

of air, is to the difference in weight of an equal 

| bulk of the fluid and the fame equal bulk of air. 

= Whoever will compare theſe two rules together, 

Is | will find that their difference is altogether incon- 

bf  fiderable; we may therefore ſtill very ſecurely 
1 make uſe of the old one without any further 

1 ſcruple. | 
The ſum of what has been ſaid comes to this, 
that if a ſolid be heavier bulk for bulk than the 
fluid in which it is immerſed, it will fink till it 
arrives at the bottom, and the force of its deſcent 
will be equivalent to the difference of its weight 
and the weight of an equal magnitude of the 
fluid. If it be lighter than the fluid in which it is 

immerſed, it will conſtantly aſcend till it be fo far 
extant above the ſurface of the fluid, thatits whole 
weight be equal to the weight of that part of the 
fluid whoſe place it takes up ; and the force with 

which it aſcends will be equivalent to the differ- 

_ ence of its weight and the weight of an equal 

magnitude of the fluid. If it be immerſed in ei- 
ther of two fluids differently heavy, which are 
contiguous, and it be of a middle gravity between 
-both the fluids, it will move towards their com- 

mon ſurface, and reſt in ſuch a poſition that the 
parts of both fluids whoſe place it takes up have 
an equal gravity with the ſolid itſelf. If a body 
de of equal gravity with the fluid in which it is 
immerſed, it will retain any poſition which is 
given it: and this is the reaſon why a bucket in 
a well is without difficulty drawn up as long as it 
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is under water, and that we perceive not its weight 
till it begins to get above the ſurface : by the ſame 


reaſon a bucket full of wax, which is nearly of 
the ſame gravity with water, would not be diffi- 


cult to draw up whilſt under water; now they 
cannot eaſily anſwer that wax is in'its own ele- 
ment, and does not therefore gravitate. 
All bodies do actually retain their whole gra-- 
vity when immerſed in a fluid, but that is render- 
ed ineffectual by the contrary preſſure of the fluid, 
ſometimes in part and ſometimes altogether, ac- 
cording as that gravity of theirs is greater, 5 17585 
or leſs than the gravity of an equal bulk of the 
fluid, which is the meaſure of the force which re- 
ſiſts their deſcent. We may ſay that the gravity of 
bodies within fluids is of two ſorts, whereof one 


is abſolute and true gravity, the other apparent 
and relative. The abſolute gravity is the whole 


force with which the body tends downwards, the 
relative and vulgar is only the exceſs of gravity 


x 


wards than the ambient fluid. The parts of fluids 
and all other bodies do gravitate in proprio loco, 
taking gravity in the firſt ſenſe ; according to the 


— — 
w —— — .  ——  z—_ — 


latter ſenſe and acceptation of gravity, bodies do 


not gravitate in proprio loco, that is, being com- 


ru together they do not preponderate, but 


indering each others endeavours to deſcend they 


keep their places as if they were devoid of gravity. 
Thus, in water, bodies which by their gravity, 


greater or leſſer, do aſcend or deſcend, may rela- 


tively and apparently be ſaid to gravitate or levi- 
tate, and their relative gravity or levity is the ex- 


ceſs or defect by which their true gravity does 
__ | * 


by which a body has a greater tendency down- 
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either exceed the gravity of water, or fall ſhort of 
it. But if they neither deſcend by preponde- 
rating, nor aſcend by yielding to the preponde- 
rating water, though they do by their real and 
abſolute weights increaſe the weightof the whole, 

yet relatively and in the ſenſe of the vulgar they 
do not gravitate in the water. 

We may alſo in this place take notice of an ob- 
jection which is ſometimes made uſe of againſt 
the gravitation of fluids in proprio loco. They tell 
us, if fluids gravitate zz proprio loco, that then a 
body as it happens to be immerſed at different 
depths would have a different weight, according 
as it is preſſed upon by different altitudes of the 
fame fluid, which does not appear in fact. We may 
anſwer that it has and ought to have the ſame 
relative weight, though it be preſſed upon by dif- 
ferent altitudes at different depths. For its abſo- 

| Jute weight does every where continue the ſame, 
and the relative weight is the exceſs of that abſo- 
lute weight above an equal bulk of the fluid. 
Therefore if the weight of that equal bulk of the 
fluid be at all depths the ſame, as it certainly is in 
fluids which are not compreſſible, that exceſs and 
therefore the relative wil will every where be 
the ſame alſo. 

If the fluid be compreſſible, as air is, and the 
lower parts be condenſed by the weight of the 
upper, then indeed the relative weight of a bod; 
in the air at the bottom of a valley, will be leis 
than its relative weight at the top of a mountain; 
an equal bulk of air weighing more in the valle 
than upon the mountain, and conſequently taking 
more from the real and abſolute weight of the 
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body in the former caſe than in the latter. For 


the ſame reaſon if a body be weighed in freſh 
water, and ſea water, its weight wall be leſs in 


the latter than the former, becauſe the exceſs of 
its real and abſolute weight above the weight of 


an equal bulk of ſea water, is leſs than the like 


excels above an equal bulk of freſh water; ſea 


Wat dein about a thirtieth or fortieth part hea- 


vier than freſh. Upon this account alſo if two 
bodies of different ſpecifick gravities be equipon- 
derant and conſequently of different magnitudes, 


ſuppoſe the one be of copper and the other of 


lead, and the bulk of the copper be greater than 


the bulk of the lead, as it muſt be to be of the 


ſame weight, putting the two metals in oppoſite 


ſcales of a ballance, we ſhall find them to reſt in 


equilibrio; but if we place the ballance under 
water, they will be no longer in equilibrio, and 
the lead will .preponderate. For the abſolute 
weight of each being diminiſhed by the weight 
of a bulk of water equal to itſelf, the weight = 
of the copper will be more diminiſhed than the 


weight of the lead. Thus if two bodies of dif- 
ferent ſpecifick gravities be brought to a moſt 
perfect equilibrium when the air is at lighteſt, 


they will no longer remain ſo when the air 
changes and becomes heavier; and this is the 


foundation of the ſtatical baroſcope deſcribed by 
Mr. Boyle in the Philoſophical Tranſactions. 


The phænemena of glaſs bubbles and images, 
which are fitted ſeyeral ways to aſcend and de- 
end in fluids, have been very much celebrated . 


by the philoſophers of the laſt age. The whole 
myſtery depends upon this, that by a greater or 


4 leſſer 


iv. of bodies in fluids. 5 5 
leſſer preſſure on the bladder at the end of the 
veſſel, FIG. 28, or by heat and cold, there is an 
alteration made of their weight, and by this al- 
teration of their weight they become ſometimes 
heavier ſometimes lighter than that part of the 
fluid whoſe place they poſſeſs, and do therefore, 
for the reaſons which have been lately mentioned, 
ſometimes aſcend ſometimes deſcend with a pleaſ- 
ing variety. Theſe bubbles conſiſt uſually of 
three different materials; of glaſs which is hea- 
vier in ſpecie than the fluid, of air which is light- 
er in ſpecie than the fluid, and of the fluid itſelf. 
As long then as that aggregate of bodies is lighter 


than an equal bulk of the fluid, it will float, but 


if it grows heavier than ſo much of the fluid, it 

muſt neceſſarily ſink. Now when there is any 
competent preſſure, whether produced by weight 
or otherwiſe, upon the water in which the bubble 
is commonly immerſed, becauſe the glaſs is a firm 
body and the water though a fluid ſuffers no 
compreſſion, the air included in the bubble, be- 


ing a ſpringy and very compreſſible body, will be 


compelled to ſhrink, and thereby poſſeſſing leſs 
room than it did before, the contiguous water 
will enter the neck of the bubble and ſucceed in 
its place; which being a body about 8 50 times 
heavier than air, the bubble will thereby become 
heavier than an equal bulk of water, and will 
conſequently deſcend ; but if the force or preſſure 
be removed, the impriſoned air will by its own 
e free itſelf from the intruding water, and 
the aggregate of bodies that make up the bubble 
being thereby grown lighter than an equal bulk 


of water, will again aſcend, The dilatation and 
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contraction of the included air is there 
cauſe of theſe changes ; if then that dilatati 
contraction be any other way procured than 
preſſure (as it may proceed from heat and cold 
the event will be the ſame. And this may ſuf?—W— 
fice to account for the phænomena of bubbles. 
I promiſed in the beginning of this diſcourſe to 


give you the foundation of thoſe propoſitions of 


Archimedes, in which he demonſtrates the poſture 
of floating bodies; it may thus be expreſſed; that 
all floating bodies affect ſuch a poſture, that the 


_ center of gravity of the part immerſed, be ſituated 


perpendicularly under the center of gravity of the 
art extant: the body will otherwiſe never reſt and 


- ceaſe to fluctuate. For if the floating body be ima- 


gined to be divided into two parts by the ſurface 
of the fluid, it will be eaſy to conceive, that the 
part immerſed endeavours to aſcend, and the ex- 
tant part to deſcend with equal forces; otherwiſe 
the body would be either more or leſs immerſed. 

Now the part immerſed endeavours to aſcend by 
the perpendicular paſſing through its center of 
gravity, and the part extant to deſcend by the 
perpendicular paſſing through its center of gra- 


vity ; therefore unleſs thoſe perpendiculars do 


coincide, or which is the fame thing, unleſs the 


center of the part immerſed be ſituated perpendi- 
cularly under the center of the part extant, there 


will be no hindrance of thoſe endeavours, but a 
motion will be produced, and for the fame reaſon 
continued till that poſture be obtained ; and in 
that poſture the body will acquieſce, the endea- 
vours being then equal and directly contrary to 
each other, and en reſtraining each other. 

LECTURE 
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LECTURE v. f 


The hydroftatical balance e with the me- 
'. Zhod of determining the Jpec 2 | nes of all 


| forts. of bodtes thereby. 


IT having been proved chat bodies aſcend or de- 
ſcend in fluids with a force that is equal to the 


difference 3 in weight of the body immerſed and 
an equal bulk or magnitude of the fluid itſelf, 


we- are hence furniſhed with a very accurate and 


eaſy way of finding out the ſpecifick gravities of 
all manner of bodies whether fluid or conſiſtent, 


and of comparing them together. Bodies are 


ſaid to be ſpecifically or in ſpecie heavier or light- 


er one than another,, when being equal as to 
magnitude, the weight of the one does exceed or 
fall ſhort of the weight of the other. Thus the 
ſpecifick gravity of quickſilver is about 14 times 
greater than that of water; for if you take an 


equal quantity of each as to magnitude, ſuppoſe 


a pint, the pint of quickſilver will weigh about 


14 times as much as the pint of water. 


Several methods haye been propoſed and more 
may be {till invented to determine in what pro- 
portion bodies differ from one another as to their 
{pecifick gravities ; yet after all, moſt men have 
with good reaſon preferred the uſe of the hydro- 


ſtatical balance for exactneſs and convenience. 


It is very probable that Archimedes was the firſt 


that ever attempted this buſineſs with any ſuc- 
ceſs, in order to diſcover the cheat of the work- 


though 


man that had debaſed king Hero's crown, and 
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ſhough the way he then made uſe of, be certainly 
much inferior to that we have been ſpeaking of 
by the hydroſtatical balance (as may be perceived 

by the account which Vitruvius gives of it) yet 
| ſo pleaſed was he to gain his end by any means, 


that upon this occaſion not being able to contain 


his joy, like a madman leaping from the bath, 
naked as he was, he is ſaid to have ran about the 
ſtreets of Syracuſe, crying out Eu wherever 
he came. I will not here ſtay to enumerate and 
explain thoſe various methods that have been 


thought of for finding out the ſpecifick weight 


of bodies, but will confine myſelf to the buſineſs | 


I have undertaken, and ſhew what helps we 
have from hydroſtaticks, and how ſuitable they 
are to our preſent purpoſe. . 

Firſt then if it be required to find out what 
proportion the ſpecifick gravity of a fluid and ſo- 
lid body have to one another, and the ſolid be hea- 
vier than the fluid ſo that it may ſink when im- 
merſed in the fluid, we are to weigh the ſolid both 
in air and in the fluid. Now it has been proved 
before, that its weight in the fluid will be leſs than 


its weight in the air, by the weight of ſo much of 


the fluid as is equal in bulk to the ſolid; but the 

ſpecifick gravity of the fluid, is to the ſpecifick 
gravity of the ſolid, as the abſolute weight of an 
equal bulk of the fluid, is to the abſolute weight 
of an equal bulk of the ſolid; therefore the ſpeci- 
fick gravity of the fluid, is to the ſpecifick gravity 
of the ſolid, as the difference in weights of the 
ſolid in air and in the fluid, is to the weight of 
the ſolid in the air. If the fluid be common clear 
N | | water 
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water and its ſpecifick gravity be expreſſed by an 
unit, as is uſual and very convenient upon ſeveral 
accounts, then to find a number which will ex- 
preſs the ſpecifick gravity of the ſolid, we muſt 
divide the weight of the ſolid in air by the dif- 
ference of the weights of the ſame in air and in 
water, the quotient will be the number required. 
An example will clear up the whole matter. 
Suppoſe that a piece of copper weighed in air 
comes to 45 grains, and when weighed in wa- 
ter but to 40 grains; the difference of theſe two 
weights, which is 5 grains, is equal to the weight 
of ſo much water as is equal in bulk to the piece 
of copper. Therefore the ſpecifick gravity of 
water, is to the ſpecifick gravity of copper, as 5 

to 45. The ſpecifick gravity of water is here 
expreſſed by the number 5, if inſtead of that it 
were to be expreſſed by an unit, we muſt divide 
45, the weight of the copper in air, by 5 the 
difference of 45 and 40 its. weight in air and 
water, and the quotient, which is 9, will ex- 
preſs the ſpecifick gravity of the copper as an 
unit does that of water, 9 bearing the ſame pro- 
portion to 1 as 45 did to 5. 

If the ſolid body to be examined be ſpecifical- 
ly lighter than the fluid, we would compare it 
with, ſo that it cannot fink by its own weight, 
but is continually buoyed up by the heavier fluid, 
we may by a compound balance find out its re- 
lative levity in the fluid, or the force with which 
1t endeavours to aſcend. 

It was yeſterday ſhewn by an en made 
with fuch a com pound balance, that the force of 
aſcent 
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- afcent i is equal to the difference of weights of the. 
- aſcending body and an equal bulk of the fluid 
which invirons it; therefore the weight of ſo 
much of the fluid as is equal in bulk to the body, 
is the ſum of two weights, whereof one is the 
abſolute weight of the body in air, and the o- 
ther is equal to the force of aſcent, being the 
weight which is applied to the compound balance 
to reduce the aſcending body to an equilibrium. 
Hence it follows that the ſpecifick gravity of the 
fluid, is to the ſpecifick gravity of the ſolid, as 
that ſum of the two weights, is to the abſolute 
weight of the ſolid. If the fluid be common 
water, and its ſpecifick gravity be expreſſed by 
an unit, we mult divide the abſolute weight of 
the ſolid by that ſum of the weights, and the 
quotient will expreſs we ſpecifick gravity re- 
quired. 
To illuſtrate this by an inſtance, let us ſop- | 
poſe that a piece of dry elm weighs in air 36 
grains; this wood being lighter than water, will 
not of itſelf fink in it ; let then a weight be ap- 
5 to the ſuperior beam of the compound ba- 
ance to detain it under water and to keep it in 
equilibrio, and the weight neceſſary for that pur- 
poſe be found to be 24 grains; this weight of 
24 grains being as we have already proved, equal 
to the difference of the weight of the elm and 
an equal bulk of water, if it be added to the leſ- 
ſer weight of the elm, which was 36 grains, the 
ſum which is 60 grains will be the weight of 
that equal bulk of water. Therefore the ſpeci- 
1775 gravity or water is to that of elm as 60 is to 


363 
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36; if inſtead of 60 which does now expreſs the 
ſpecifick gravity of water, you would rather make 
uſe of an unit for that purpoſe, we muſt divide. 
36, which is the weight of the elm in air, by 60. 
the ſum which was before mentioned, the quo- 
tient 0,6 will expreſs the ſpecifick gravity of elm, 
as an unit does the ſpecifick gravity of water; 
and it is evident, that o, 6 has the ſame propor- 
tion to an unit that 36 had to 0606. 
I know not whether this way of examining. 
bodies which are lighter than the fluid they are 
compared with, has ever yet been put in practice, 
there ſeeming to be too great a difficulty in mak 
ing the experiment, which yet may be much lef- 
ſened, if not taken away, by a well-contrived. 
Inſtrument ; however it is certain that the cal- 
culation is much more eaſy in this method than 
in that other which I will now deſcribe, 15 
Io the body which we would examine, which 
is lighter than the fluid with which it is to be 
compared, we muſt annex another body (by ty- 
ing them together with an horſe-hair or other- 
wiſe) which is ſpecifically heavier than the fluid; 
ſo that both taken together as one compound bo- 
dy, may be likewiſe ſpecifically heavier than the 
fluid and fink in it ; weighing then the heavier 
body ſingly, and alſo. the compound, both in air 
and in the fluid, we muſt thus make our calcula- 
tion. Subſtracting the weight of the heavier bo- 
dy alone in the fluid, from its weight in air, what 
remains will be the weight of ſo much of the 
fluid as is equal in bulk to the heavier body; again 


ſubſtracting the weight of the compound body 
e ee "- "M0 
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in the fluid, from its weight in air, what remains 

will be the weight of ſo much of the fluid as is 
equal to the compound, body in bulk; taking then 

the former difference from the latter, that is, tak- 
ing the weight of ſo much of the fluid as is equal 
in balk to the heavier body, from the weight 
of ſo much of the fluid as is equal to the com- 
pound body, or heavier and lighter together, what 
remains will be the weight of ſo much of the 
fluid as is equal in bulk to the lighter body; and 
the proportion which this weight bears to the 
weight of the lighter body in air, will be the pro- 
portion of the ſpecifick gravity of the fluid to the 
ſpecifick gravity of the lighter body. If the num- 
ber which expreſſes the ſpecifick gravity of the 
lighter body, be divided by the number which ex- 
preſſes the ſpecifick gravity of the ffuid, the quo- 
tient will alſo expreſs the ſpecifick gravity of the 
lighter, whilſt an unit expreſſes that of the fluid. 
Thus if a piece of elm weighs in air 15 grains, 
having fixed to it a piece of copper, that the com- 
pound may ſink in water, let us ſuppoſe that the 
copper alone in air weighs 18 grains, in water 16 
grains, the aggregate of the copper and elm in 
air will be 33 grains; ſuppoſe again we find by 
making trial of it, that the aggregate in water 
comes to 6 grains; if we ſubſtract 16 the weight 
of the copper alone in water, from 18 its weight 


in air, the 2 grains which remain will be the 


weight of a bulk of water equal to the copper; 
alſo if we ſubſtract 6 the weight of the compound 
in water, from 33 the weight of it in air, the 
27 grains which remain will be the weight "a N 
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bulk of water equal to the compound. Taking 
then 2 the weight of water equal in bulk to the 
copper, from 27 the weight of water equal in 
bulk to the copper and eln together, the 25 grains 
which remain will be the weight of the water 
equal in bulk to the elm. The weight of the elm 
itſelf in air was 15 grains; therefore water is to 
elm in ſpecifick gravity as 25 to 15; now as 25 
is to 15 ſo is 1 to 0,6 as any one may find by the 
rule of three. The third term in the proportion 
being in this caſe an unit, we are only to divide 
the ſecond by the firſt, or the weight of the ſo- 
lid in the air by the weight of an equal bulk of 
water, and the quotient will be the fourth term 
in the proportion, expreſſing the ſpecifick gravity 
of the ſolid, as an unit expreſſes that of water. 
Having by this time I hope ſufficiently explain- 
ed the method of comparing ſolids and fluids to- 
gether as to'their gravities, I am now to ſhew 
how ſolids are to be compared with ſolids, and 
fluids with fluids. This will require but few 
words, being eaſy and obvious enough. Solids may 
be compared with ſolids by the mediation of a 
fluid; and fluids may be compared with fluids by 
the mediation of a ſolid; ſometimes indeed it may 
happen that a fluid may be weighed as a ſolid bo- 
dy within another fluid with which it will not 
mix, Eng it in the glaſs bucket ; thus may 
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quickfilyes m conveniently be compared with 

water (a). Suppoſe it were required to determine 
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(a) Fre. 29, repreſents the hydroſtatical balance, where- 

by ſolid bodies may be weighed in the glaſs bueket a, firſt 
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what proportion the gravity of copper has to the 
gravity of elm; theſe two cannot immediately 
be compared together hydroſtatically, but we may 


as has been already ſhewed compare each of them 


with water, and then we may conelude that the 
ſpecifick gravity of copper, is to the ſpecifick gra - 


vity of elm, in a proportion, which is compound 
ed of that of the ſpecifick gravity of copper to 
water, and that of the ſpecifick gravity of water 


to elm. If copper be to water as 9 to 1, and 
water be to elm as 1 to o, 6, copper will be to 
elm as 9 to 0,6 or as go to 6, or as 15 to 1. 
Suppoſe again two fluids were propoſed to be 
compared together; let one of them be a parcel 
of oyl of vitriol bought in the ſhops which you 
ſuſpect to be not the beſt, and you would examine 
whether its gravity be to the gravity of water 
as 17 to 10, as it ought to be if good; compar- 
ing it with glaſs by the method before deſcrib- 


ed, you find its gravity to that of glaſs to be as 
7 to r5; comparing the ſame glaſs with water 


you find the gravity of glaſs to that of water as 3 
to 1 hence by compounding the proportions of 
7 to 15 and 3 to 1, you know that the gravity of 
your oyl of vitriol is to the gravity of water as 7 
to 5, or as 14 to 10, whereas it ought to have 
been as 17 to 10. This way of comparing fluids 


in air and then in water. In the latter caſe the flit 5 in the | 
circular plate, muſt firſt be ſlipt upon the neck c, and reſt up- 
on the ſquare ſhoulder underneath; that the weight of the 
plate, being equal to that of a quantity, of water equal in bulk. 
empty ſcales. The ſpecifick gravities of fluids are determin- 
able by the glaſs ball a, deſcribed in the ſequel of the lecture. 
1 2 together 


to the empty bucket, 1 reſtore the equilibrium of the 
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together is univerſal, and may be practiſed with 
4 balance of any form. Thie fabrick of our in- 
ſtrument does indeed in this particular ſomewhat 
ſhorten the operation, and therefore it will not 
be amiſs to ſhew how we make our calculation 
from it. 25 | 

The glaſs ball you may remember was heavier 
than an equal bulk of water, as was evident by 
its ſinking in it, and by an experiment purpoſely 
made, its weight was found to be to the weight 


of an equal bulk of water, as 19 4 to 16; oyl of 


vitriol; which is one of the heavieſt fluids ex- 
cepting quickfilver; is to water as 17 to 10, there- 
fore the ball may be uſed for examining any li- 
quor that is leſs heavy than oyl of vitriol, ſince 
it will fink even in that oyl. The exceſs of weight 
of the ball above that of an equal bulk of water, 
was counterpoiſed by an equal exceſs of weight, 
of the oppoſite ſcale of the balance, above that 
of the ſcale to which the ball was fixed; and by 
that means it was ſuſtained in the water in equi- 
librio, We may conceive the ball fo balanced in 
the water, as if it were a parcel of the water con- 
gealed into that ſhape ; and therefore if we ſub- 
ſtitute for water in the veſſel ſome other liquor of 


a different gravity, this egulibrium will be no 


longer preſerved; we are therefore continually to 
put weights into the aſcending ſcale, till we have 
again reduced the balance to the ſame ſtate; and 
the weight we have put into either ſcale, will be 
the difference in gravity of two bulks, one of 

water and the other of the liquor to be examin- 
ed, which are equal to one another, and each 
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equal to the bulk of the ball. This bulk of wa- 


ter has been found to be 803 grains ; if therefore 


we add to 803 the number of grains which were 
put into the ſcale to which the ball is annexed, 
or ſubſtract from 803 the number of grains 
which were put into the oppoſite ſcale, the reſult ' 
will be the weight of a bulk of the liquor under 


examination equal to the ball; and the ſpecifick 


gravity of water will always be to the nN 


gravity of the other liquor, as 803 to the reſult- 


ing number. If we divide the reſult by 803 
the quotient will expreſs the gravity of the other 


liquor as an unit expreſſes that of water. "= 
F I0o illuſttate this by an example, let it be pro- 


poſed to find the gravity of milk; immerſing the 
ball as it is fixed to the balance in that liquor, we 
find it neceſſary to put 28 grains into the ſcale to 
which the ball han gs, in order to reduce the beam 


to its horizontal fituation; adding then 28 to 


803 the ſum will be 83 1, and the ſpecifick gravi- 
ty of water to that of milk, will be 803 to 831. 
Thus then may all bodies of what kind ſoever be 


compared together as to their intenſive weights; 


I might. have added other methods which are alſo 


hydroſtatical and fitted to the ſame purpoſe, but 
thoſe already deſcribed are ſufficient and ſeem in- 


deed to be the moſt convenient. However I will 
here mention one other way of examining the 
gravity of-fluids which is of very good uſe upon 
ſome occaſions. The foundation of it is this, that 
if a body be made ſucceſſively to float upon two 
fluids of different gravities, the ſpecifick weight 
of the lighter will be to the ſpecifick weight of the 


heavier, 


= — 
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heavier, as the magnitude of the part of the float- 
ing body which is immerſed in the heavier, is to 
the magnitude of the part immerſed in the light- 
'F er, For, the bulks or volumes of both fluids that 
| are equal to the parts reſpectively immerſed. in. 
them, having the ſame abſolute weight with the 
whole floating body, as hath been proved before, 
will be of equal abſolute weights, and conſe- 
quently their ſpecifick gravities will be recipro- 
cally as their magnitudes, or which is the ſame 
thing, reciprocally as the magnitudes of the parts 
immerſed. If therefore a body of a regular figure 
could be provided fo that the part of it which is 
immerſed, might always be accurately and eaſily... 
meaſured, this way would be expeditious enough. 
A truly cylindrical glaſs veſſel ſeems to be the 
fitteſt for this purpoſe ; for the part immerſed 
will be always as its depth. The gravity there- 
fore of the fluid may readily be eſtimated by 
a proper ſcale of parts in arithmetical pro- 
greſſion applied to the fide of the cylinder, or 
more readily by inſpection only of another ſcale 
which might be muſically divided by ways which 
J ſhall not ſtay here to deſcribe. For, any one 
that ſhall attempt to ger ſuch a cylinder, as will 
be convenient for his purpoſe, of an exa figure 
and truly poiſed, that it may always ſtand erect, 
will perhaps find it more difficult to obtain than 
at firſt he expected. _ EN 
Nevertheleſs upon ſome occaſions this method 
may be of ſingular uſe. We may examine by this 
, means whether a liquor propoſed be genuine as 
to its gravity, though we do not learn from hence 
what is the preciſe quantity of that gravity. The 
„ VVV thing 
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68 We hydroflatcal Leck. 
thing is common among chymiſts; they make uſe 
of an hollow ball of glaſs having a ſlender ſtem or 


Pipe annexed to it, which is ſo poiſed that when 


the ball is immerſed in any liquor, the ſtem may 


ſtand erect and be in part extant above the ſurface 
of it. This glaſs they place in ſeveral liquors 
which they know by other means to be good in 


their kind, and put marks upon the ſtem, which 


ſhew the different degrees of immerſion in the 
different liquors. Then if any liquor of the ſame 
name be afterwards to be examined, ſuppoſe it 


were oyl of tartar per deliguium; if the glaſs fink 
lower in it than the mark they had formerly made 


for that oy], they conclude it has not its juſt gra- 
vity, and is probably adulterated with water; but 


if it fink not fo low as the mark for alcohol of 


wines, they conclude that the alcohol is too hea- 


vy, and therefore not ſufficiently rectified (5). 


This inſtrument by a ſmall alteration may be 


fitted to examine whether ſolids have the true 
ſtandard weight of their kind, as any one may 


perceive by the deſcription of Mr. Boyles eſſay- 

inſtrument, publiſhed in the Philoſophical Tranſ- 

An 1 ark r 
After all that has been hitherto ſaid, there may 


yet remain ſome few difficulties to be removed, 


and ſome cautions to be given. It may happen 
that the body to be examined may conſiſt of ſmall 
fragments, or may be a powder, or may imbibe 
the water it is weighed in, ſo as to appear heavier 
than it really is, or may be diſſoluble in water. If 
it be made up of ſmall fragments or be a powder, 
we muſt of neceſſity in this caſe make uſe of the 

(5) See Phil. Tranſ. No 384, and 413. 

1 Fol. | glaſs 
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olaſs bucket, which we are not obli ged to do 
when the body to be weighed is intite, and of a 
conſiderable aide, For then we may, if we 
think fit, make uſe of a balance of the uſual form, 
and by ſuſpending the body with an horſe-hair 


(which is nearly of the fame gravity with water) 


to the under fide of either of the ſcales, we may 
weigh it both in air and in water. Putting then a 


convenient quantity of the fragments or powder 


into the bucket; we firſt find the weight in air, 
afterwards we muſt warily and little by little put 


into the bucket, whilſt it is yet kept in air, and 
hath the powder or fragments in it, a convenient 
quantity of the ſame water it is to be weighed in, 


that the liquor may have time to inſinuate itſelf 
between the dry bodies and even the corpuſcles of 
the powder, and expel thence the air that was 
lodged in the intervals betwixt them; which little 
aerial ' portions, if not thus ſeaſonably expelled, 

would upon the immerſion of the veſſel, produce 
in the water ſtore of bubbles, that could buoy-up 
or faſten themſelves to the fragments or other 


| ſmall bodies, and make the experiment uncertain 


or fallacious. And if it be a powder that is to be 


weighed, unleſs it be beforehand thoroughly wet- 
ted, and thereby freed from aerial particles, and 
reduced to a kind of mud, there is danger that 
ſome dry corpuſcles of the powder will, when the 
veſſel is under water, be buoyed up and get out 


of it, and floating on the ſurface of the incumbent 
water take off from the true weight, that the im- 


merſed powder ſhould have in that liquor. 


If the body to be weighed be ſubject to imbibe 
1 too N it may be caſed with a coat of 
8 E 3 8 
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bees-wax, and then we muſt proceed in our cal- 


culation according to the method which was be- 


fore deſcribed for determining the gravities of 


bodies lighter than water, or the fluid they are 


. weighed in, by adding a more ponderous body; 


water, ſo here we muſt weigh the bees-wax be- 


and as there we weighed the heavier body by itſelf 


in air and in water, and afterwards the compound 


of the heavier and the lighter both in air and in 


fore we apply it both in air and water, and after- 
wards the compound of the bees-wax and the 


other both in air and in water. If the body pro- 


poſed be diſſoluble in water, we may weigh it in 
other liquors, which will not diſſolve it. 
Mr. Boyle tells us upon this occaſion, conſider- 


ing that except quickſilver, the viſible fluids we 
can command are either of an aqueous or of an 


oily nature, and that moſt bodies whereof we can 
make ſolutions in liquors of the former, will not 


(at leaſt ſenſibly) ſuffer themſelves to be diſſolved 


by thoſe of the latter kind, whilft a propoſed ſolid 
is weighing in them; he preſumed that the moſt 


faline bodies, ſuch as allum, vitriol, ſal gem, borax, 


ſublimate and others, might be commodiouſly 


! 


weighed in oleous liquors; and amongſt theſe up- 


on ſeveral accounts he made choice of ſpirit of 


turpentine. If then we follow his choice, we may 
determine what proportion the gravity of the ſo- 
lid propoſed has to the gravit- of that ſpirit ; and 


by other ways, which have been already explain- 
ed, finding the proportion of the gravity of the 


ſame fpirit to the gravity of water, by compound- 


ing their two proportions, we ſhall obtain the pro- 


portion of the ſolid's gravity to that of water. 


Moſt 


— 
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Moſt men who treat of theſe matters do now-a- 
days compare all other bodies with water, whoſe 
| ſpecifick gravity they expreſs by an unit. It may 
PR be objected that we cannot diſcover the 
| tion between a ſolid body and water in ge- 


Lal, but only between the propoſed body and the 


particular water it is weighed in, becauſe there 
may poſſibly be a great difference between liquors 
' which are called common water. Mr. Boyle has 
' ſupplied us with an anſwer to this objection. 91 
will therefore give you his words. © Having had, 
« fays he, the opportunity as well as curioſity up- 
te on ſeveral occations to examine the weight of 
« divers waters, ſome of them taken up in places 
* very diſtant from one another, I found the dif- 
6 ference between their ſpecifick gravitigs far leſs, 
* than almoſt any body would expect. And it [ 
i be not deceived by my memory the difference 
te between waters, where one would expect a no- 
< table diſparity, was but about the two thou- 
* ſandth part (and ſometimes perhaps very far leſs) 
* of the hn of either. Nor. did I find any 
* confiderable difference between the weight of 
divers waters of different kinds, as ſpring Wa- 
© ter, river water, rain water, and ſnow water; 
0 though this laſt was ſomewhat lighter than any 
of the reſt. And having had the curioſity to 
e procure ſome water brought into England, if I 
much miſremember not, from the river Ganges 
« itſelf, which ſome travellers tell us from the 
« preſs ĩs by a fiſth part lighter than our water, I 


found it very little, if at all, lighter than ſome - 


4 of our common waters.“ 
It may alſo be poſſibly objected, that we take 
_the weight which bodies have in the air for their 
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72 The Hdroſtatical Le; 
abſolute. N whereas their abſolute weight is 
what they would weigh in vaczo. I allow that all 
bodies have leſs weight in air than their abſolute 


and real weights in vacuo; but if we conſider that 
this diminution of real weight is in moſt bodies 


but about the thouſandth part of the whole, and 


in metals, which are the heavieſt kind of bodies, 
much leſs, this objection will ceaſe to be conſider- 
able: yet ifany one has a mind to be ſo needleſl: 

accurate. in a matter which will not bear that 
nicety upon other accounts, he may add the num- 


ber which expreſſes the ſpecifick gravity of air, 


to all the other numbers of any table of bodies, 


and by that means correct the whole error which 
riſes from this ſource. 


Though this way of examining the gravities of | 


bodies hydroſtatically be preferable to all others, 


yet it is not free from ſome uncertainties. Bodies 
themſelves though they have juſtly the ſame name 
and are referred to the ſamèe kind, have not any 

exact common ſtandard of weight, and ſome little 
errors will inevitably ariſe in phyſical experiments 

though made with the utmoſt accuracy. We muſt 
therefore-be as cautious as we can. When we 
weigh any thing in water or any other liquid, 
great Care ought to be taken, that no part of the 
body to be weighed touch the bottom or ſides of 


the veſſel; or rite above the ſurface; that no bub- 


bles of air ſtick to and buoy it up; that no drops 


of the liquor touch or adhere to the ſcales or beam. 


Several other cautions there are which may beſt 
be learned by experience. I therefore deſign to- 
morrow to practiſe the rules which have been 


now laid down, and to ſuggeſt ſome further uſes 


of Fr 'S fort of experiments, e 


v balance explained. 73 
A table of the ſpecifick gravity of bodies. 
Fine gold — — 19.640 Oyl of tartar — 1.5 50 
Standard gold — — 18.888 Bezoar — — 1.500 
Quickfilyer. — — 14.000 Honey — — — 1-450 
Lead '— , — — 11.325 Gumarabick — 1.375 
Fine filver  — — 11.091 Spirit of nitte — 1.315 
Standard ſilver — 10.535 Aqua fortis — — 1.300 
Biſmuth — — =— 9.700 Pitch — — 1.150 
Copper — — — 9. oco Spirit of ſalt — 1.130 
Caſt braſs — — — 8.000 Craſiam. of hum. blood 1. 126 
Steel — — — — 7.850 Spirit of urine — 1.120 
Iron — — — '— 9.645 Human blood —— 1.054 
'Tin — — _ 7.320 Amber | 1.040 
Glaſs of antimony — 5. 280 Serum of human blood 1.030 
A pſeudo-topas —— 4.270 Milk — — 1.030 
A diamond | 3.400 Urine — 1030 
Clear cryſtal glaſs — 3.150 Dry box- wood — 1.030 
Iſland cryſtal — 2.720 Sea water 1.030 
Fine marble — — 2.700 Common water — 1.000 


- 


Rock cryſtal — — 2.650 Camphire ' —— 0.996 
n green glaſs 2.620 Bees wax —— 0.955 
Stone of a mean gravity 2.5c0 Linſeed oy! —— 0.932 
Sal gemmz — — 2.143 Dry oak — 0.925 
Brick '— '— H 2.000 Oyl olive — — 0.913 
Nitre— — 1.900 Spirit of turpentine — 0.874 


Alabaſter — — 1,875 Rectified ſpirit of wine 0.866 
ry ivory — — 1.825 Dry.aſh — ,— — 0.800 
Brimſtone —— 1.800 Dry maple —— 0.755 
Dantzick vitriol — 1.715 Dry em — — 0.600 
Borax — . 1.714 Cork — — = OZ 
Caleulus humanus — 1,700 Air — — 0.0014 
Oy! of vitriol — — 1,700 :: | 
(a) Theſe are the ſpecifick gravities of dry wood. For Dr. Ju- 
rin has obſerved that the fubſtance of all wood is ſpecifically bea- 
vier than water, fo as to fink in it, after the air is extracted from 
the pores and air-veſſels of the wood, by placing it in warm water 
under a receiver of an air-pump; or if an air- pump cannot be had, 
y letting the wood continue ſome time in boiling water over a 
fire. Thus he found alſo, that ſome human calculi, contrary to 
common opinion, are almoſt as heavy as bricks and the ſofter ſort 
of Paving ſtones. Phil. Tran. No. 369. 1100 . 
he ſpecifick gravities of human blood, its craſa nentum and 
ferun are taken from very accurate experiments made by the ſame _ 
jodicious author. Phil. Tranſ. No, 361. 5 | 


LECTURE 


4 
I 
4 

{ 

' 

[ 


E ²˙ -A eee SS 
* li q 


— IG" Se 
— wm 
23 rn cb — —— 2 ==. 
n We IE 7 1. A, 


«ay 
. 


The ee Nel nir Lect. 


LECTURE VI. 


X 7 Be praxis f the hydroftatical balance, the \ ſdecifick 


gravities of ſeveral bodies actually found out, 
with an account of the various uſes f Ah en- 
quiries, 5 


[T may now be 8 after ſo much of our 
time ſpent in explaining and practiſing the 


| hydroftatical balance, that I ſhould give ſome ac- 
| —_ of the uſefulneſs of ſuch tryals. To do 


this in its fulleſt extent would take up more of 


our time than we can conveniently ſpare upon 


that ſubject alone. There have been whole books 
written upon this matter by Ghetaldus and Mr. 
Boyle, who have nevertheleſs left ſeveral things 
untouched, which might have been pertinent 
enough to their purpoſe. Any one who has in the 


leaſt meddled with natural philoſophy, muſt needs 
be ſenſible of what great importance it is to be 


able to compare bodies together, as to their mag- 
nitudes, denſities, and the quantities of matter 


they contain. Now this may be done by the help 


of the inſtruments we have been deſcribing and 


| making uſe of; for the denſity of any body is as 


its ſpecifick gravity, and the quantity of the mat- 
ter 1t contains 1s as its abſolute weight; therefore 


whatever compariſons we can make of the mag- 


nitudes, ſpecifick gravities and abſolute wei 2 
of bodies, the ſame will hold good as to Moir | 
magnitudes, denſities and quantities of matter 
eonlidered. er Hence did our famous Sir 
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Jaac Newton conclude that water has about 40 
times more pores than ſolid parts. Hence alſo 
he made it evident that the forces of bodies to 


reflect and refract light are very nearly propor- 
tional to their denſities, excepting that unctuous 
and ſulphureous bodies refract more than others 


of the ſame denſity. „ 
It would be needleſs to heap up inſtances of 
this kind, which any thinking perſon cannot miſs 


of. But though it be impoſſible to declare all the 


uſes there may be of comparing bodies thus toge- 
ther, I will however give ſome certain rules for 
ſuch compariſons, and ſhew how from any two of 
theſe three things, magnitude, ſpecifick gravity 
and abſolute weight given, the other may be de- 


termined. Thus will our geometry be enlarged, 
and we may be able to find out the magnitude of 
any body however irregular, by its weight and 


ſpecifick gravity ; and the ſame way our ſtaticks 


may be improved to find out the weight of 


any body how. great ſoever, ſuppoſe it were a 


whole building, by the magnitude and ſpecifick 


gravity of the materials which compoſe it. After 


this I will ſhew how any mixture of any two, bo- 


dies may be diſcovered, as the allay of gold and 


ſilver, and other problems of the like nature. In 
the third and laſt place I will give ſome inſtances 


of the uſefulneſs. of theſe enquiries to phyſicians, 
chymiſts, apothetaries, jewellers, goldſmiths and 
others, who by theſe means may be able to judge 


whether the materials they deal with be rightly 
qualified for their purpoſe or not. ve 
Io determine any one of theſe three things, 


magnitude, ſpecifick gravity and abſolute weight, 
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75 * The ſpecifick gravities L ect. 
the other two being ſuppoſed to be given or 
known, we may obſerve the following Rules. 

1. If bodies compared together be of equal 
magnitudes, their abſolute weights will be as 
their ſpecifick gravities. 

2. If bodies compared together be of the ame 
ſpecifick gravity, their abſolute weights will be 
as their magnitudes. 

If bodies compared together have their ab- 
FR weights equal, their magnitudes and ſpeci- 

4 fick gravities will be reciprocally as one another. 

Hence if bodies compared together be neithet 
of equal magnitudes, nor of the ſame ſpecifick 
gravity, nor the ſame abſolute weight, then 

. Their abſolute weights will be in a com- 
pound ratio of their ſpecifick gravities and their 
* 

Their ſpecifick gravities will be in a com- 
pound ratio of their abſolute weights directly and 
. ee inverſely, © 

6. Their magnitudes will be in a compound 
ratio of their abſolute weights directly, and their 
ſpecifick gravities inverſely. * 

To fit theſe rules to our purpoſe, we oaght fur- 
ther to know the exact weight of ſome certain 
magnitude of a determinate body whoſe ſpecifick | 

_ gravity we can readily compare with that of all 
other bodies; ſuch I take water to be, which I 
therefore make choice of. Now a cubick foot 
of water weighs preciſely 1 000 averdupois ounces 

Fhave found it to be very nearly ſo myſelf, and 
y-comparing ſeveral experiments that have been 

made by others for this purpoſe, I find there is 

ſometimes an excels at other times a defect, but 
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the difference is always inconſiderable. It falls 


out very happily and is a great caſe in calcula- 
tion, that one cubick foot of water, with which 
other bodies are moſt eaſily compared, and whoſe 
ſpecifick gravity is commonly expreſſed by an 
unit, ſhould weigh ſuch a round number of 
Ounces. | | | = | | 
We have another convenience by taking the 
weight thus by ounces, that we can by this 
means the more eaſily expreſs our deductions. by 
other ancient and modern weights. For it has 
been ſufficiently proved that the ancient and mo- 


dern Roman ounce has no ſenſible difference from 


our averdupois ounce, and it is well known that 


other ancient and modern weights are moſt ea- 


fily referred to thoſe of the Romans, 


Our averdupois ounce contains 437 + grains 


troy, and our averdupois pound contains 7000 


grains troy, ſo that the averdupois ounce is to 


the troy ounce nearly as 51 to 50, and the aver- 
dupois pound to the troy pound nearly as 17 to 
14. We may therefore by any of theſe propor- 
tions make a reduction from either of theſe 
weights to the other. 0 5 

It being evident then by experiment that a 
cubick foot of water weighs 1000 averdupois 
ounces, We may hence ſhorten and facilitate the 


rules which were laid down in more general 


terms, by compounded proportions, and inſtead 
of them make uſe of theſe following; which all 
along ſuppoſe the ſpecifick gravity of bodies to 
be expreſſed by a ſcale of numbers wherein 1000 
is put for the ſpecifick gravity of water, * 
Set 245. 73 es their 
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78 The ſpecifck gravitis Lect. 
their abſolute weight to be expreſſed by the num- 
ber and parts of averdupois ounces, and their 
magnitude to be expreſſed by the number and 
parts of a cubick foot. | 
I. The abſolute weight of any body i is equal 
to the product which. ariſes by multiplying its 
magnitude and ſpecifick gravity together. 
2. The ſpecifick gravity of any body is equal 
to the quotient of its abſolute weight divided by 
its magnitude. 

The magnitude of any body i is 3 to 
the quotient of 3 its abſolute weight divided byes its 
ſpecifick gravity. 7 
Theſe three rules may be ſufficient and are 
eaſy enough to be practiſed: I will give an ex- 
ample fitted to each. Suppoſe an archite& be- 
ing about to build a church were deſirous to know 
beforehand what weight of lead is requiſite to 
cover it, in order to compute the axpence he muſt 
be at. He knows by the dimenſions he has pro- 
poſed to himſelf, that the area to be covered is 
30000 feet, and is ſatisfied by experience that 
the thickneſs of an hundredth part of a foot i is 
ſufficient ; multiplying then 430000. by +3+, or 
dividing it by 100, the magnitude of the lead 
whoſe weight he requires will be 300 cubick feet. 
By making experiment or by ſome table he finds 
that the ſpecifick gravity of lead is 11325 at the 
fame time that the ſpecifick gravity of water is 
1000. Multiplying therefore according to the 

firſt rule the ſpecifick gravity 11325 by, 300 the | 

magnitude, the product will be 3397 500, w | 
igne number of ounces that the lead will "wig. 
8 There 


ves: of bodies confidered. 79 


There are 35840 ounces in a tun, if therefore 
the product be divided by the number of ounces, 
the quotient will be the number of tuns requi- 
ſite to cover the whole building, which amounts 
to 94 and about g of a tun. e 
Suppoſe again for an example of the ſecond 


rule, that a poliſhed parallelopiped of fine mar- 
ble is in magnitude equal to 4 cubick feet, and 
when weighed comes to 6 hundred weight and 


3 pounds, and it were required to find the ſpeci- 
fick gravity of it. An hundred weight being 112 
ſingle pounds, 6 hundred weight and 3 pounds 
will be equal to 675 ſingle pounds, which mul- 
tiplied by 16*makes 10800 ounces. If then ac- 
cording to the ſecond rule, we divide the weight 
of marble by 4 its magnitude, the quotient 2700 
will be the ſpecifick gravity of marble as 1000 is 
the ſpecifick gravity of water. By this method 
we find the ſpecifick gravities of. bodies without 


the help of hydroſtaticks, but as this method can 


ſeldom be put in practice by reaſon of the irregu- 
lar figures of moſt bodies which we may have oc+ 
caſion to examine, ſo is it never ſo accurate as the 
hydroſtatical way which I have already explained. 


The third rule is of excellent uſe for determin- 


ing the magnitude of any body how irregular 


ſoever it be, provided we can aſſigu both its ab- 
ſolute and ſpecifick weight. Let ſeveral fragments 


of coral be propofed, whoſe ſpecifick gravity we 


find to be 2690; ſuppoſe their weight be7 ounces; 
divide then according to the rule, the abſolute 
weight 7 by the ſpecifick gravity 2690, the quo+ 
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ments equal toy of a cubick foot; to reduce 
that to cubick inches, multiply theſe parts of a 


cubick foot by 1728, the number of cubick 


inches contained in a cubick foot, the product will 


be four inches and very nearly an half, which is 
the total magnitude of all the irregular fragments 
which were propoſed to be meaſured: which is 


| an eaſy and very exact way of obtaining the di- 


menſions of ſeveral bodies which cannot be 


brought under the rules of geometry. 


Another uſe which I mentioned of . 


£ droſtatical trials, was to diſcover in what propor- 


tion any two bodies are mixed together in a com- 
poſition offered to be examined. The data requi- 
ſite for this purpoſe, are the ſpecifick gravities of 
the mixture and of the two ingredients; theſe are 
all of them to be obtained by the hydroſtatical 
balance, and are ſufficient for the diſcovery, by 


the help of the following rules of proportion. 


As the difference of the ſpecifick gravities of 
"he: mixture and the lighter ingredient; is to the 
difference of the ſpecifick gravities of the mixture 
and heavier ingredient, ſo is the magnitude of the 
heavier to the magnitude of the lighter ingredi- 


ent; then as the magnitude of the heavier 1 gee 


dient multiplied into its ſpecifick gravity, is 
the magnitude of the lighter ingredient. oY 
plied into its ſpecifick gravity, ſo is the weight 
of the heavier ingredient to the weight of the 
lighter. 

Ihe reaſon of this laſt rule is obvious enough 
from what has been ſaid before, and the reaſon of 
the firſt! 08 eaſily be found out by thoſe who 
| are 


* Ti © # 4 , 


. of bodies confidered: r 


arequalified to underſtand it when Ydmonſtrated; 
Iwill therefore paſsitover and propofe anexample. 
L“et it be the famous one of king Hero's Crown. 
Suppoſe then the ſpecifick ; gravity of the gold, 


which the king furniſhed his workman with for 


making the crown were as 19, and the ſpecifick 
gravity of the crown as it was debaſed, were 16, 
and the ſpecifick gravity of the ſilver which the 
workman uſed for that purpoſe were 11, we are 
from theſe data thus to ſtate our proportion ac- 
cording to the firſt Rule. As 5 the difference of 


16 and 11, the ſpecifick gravities of the mixture 


and lighter ingredient, is to 3 the difference of 16 
and 19, the ſpecifick gravities of the mixture and 


heavier ingredient, ſo is the magnitude of the 


heavier ingredient gold, to the magnitude of the 
lighter ingredient filver ; by which it appears, 
that of the magnitude of the crown, 3 parts in 8 
were ſilver. Then by the ſecond rule we muſt fay 
as 95, the product of 5 and 19, the magnitude 


and ſpecifick gravity of the heavier ingredient gold, 


is to 33 the product of 3 and 11, the magnitude 
and ſpecifick gravity of the lighter ingredient fil- 
ver; ſo is the weight pf the heavier ingredient 
gold, to the weight of the lighter ingredient filver. 
By which it appears that of the whole weight of 
the crown 33 parts in t 28 „Or ſomewhat more than 
a fourth part were filver, if the circumſtances 
were really ſuch as we ſuppoſed them to be WW; 
5 e me, ln Thus 
() The rule aboyementioned may be thus found out. Let 
the magnitudes of the gold and ſilver in the crown be A and B, 
and their ſpecifick gravities as a and ö; then, ſince the ab- 


magnitude 


ſolute gravity or weight of any body is compounded of its 
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metals may be applied to other bodies and even flu- 
ids to very good purpoſes, if due caution be taken. 


2 
Ve 


book of his; a few will ſuffice to encourage the 
reading of it to thoſe who have not yet done it, 
and many would be tedious to thoſe who have. 
Having made it probable in his treatiſe of 'gems, 
that divers, if not moſt, of the real virtues of pre- 
- cious ſtones may in great part proceed from the 
: hag mere metalline and mineral ſubſtances, 
that in the ſtate of fluidity or ſoftneſs were incor-= 
porated with the ſtony matter, which hardened 
afterwards into a gem, he was hence induced to 
ſuſpect that divers boles, clays and other earths, 
that ſeveral minerals not looked upon as metalline, 
| "that ſeveral ſtones which are commonly neglected 
| for want of beauty, may yet be endowed with 
| cCWonſfiderable medicinal virtues, and perhaps with 
8 greater than the finer gems themſelves ;- upon 
Wont of the e e ad 
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magnitude and ſpecifick gravity, the weight of the gold is 
4 AH, of the filers B, _ of The W ry A3 . * 
AA iv poking c is the ſpecifick' gravity of the mixture. 
£ Hence a Frogs, 1—=cB—b B and conſequently c- 5: 4 
= 4: B, which is the rule abovementioned. . - 
A mineral 
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1 


mineral ſubſtances, with which they might be 
impregnated whilſt they were in /a/utrs principlis. 


4, 
— 


The method which he propoſes for the explora- 


* 


tion of foſſils, is by finding their ſpecifick gravi- 


ties. For ſince the moſt pure and homogenequs 
| kind of ſtones, are in gravity to water as about 


2 to 13 and tin the lighteſt of metals is about 7 


times heavier than water; if a ſtony ſubſtance be 


found to exceed in gravity that proportion of 2 
to 1, it muſt be probable that it has in it ſome 


adventitious matter of a metalline nature, or is at 


leaſt commixed with ſome mineral body more 


heayy than pure ſtone; and may therefore very 


probably be uſefully applied to ſome medicinal 
purpoſes. He illuſtrates this matter by experi- 
ments made upon ſome ſubſtances which are 
found to be uſeful in phyſick; ſuch are the Jap 


hematites or blocd-ſtone, lapis lazuli, the load- 


Kone. and lopic calaminaris, which, he found ta bg 


. in. gravity to water reſpectively as 4. 15, 3. Op, 
A ſecond uſe which he propoſes of the hydro- 


3 and 4.92 to 1 


ſtatical way of enquiry, is to find out whether a 


body propounded as likely to be a ſtone of the 

mineral kind, be ſo indeed. Thus coral which, 
ſays he, ſome take to be a plant, others a litho- 

dendron, but moſt reckon it among precious 


ſtones, is in gravity to water as 2.68 to 1, which 
favours the laſt opinion. Thus a pearl was found 
to be in gravity as'2.51 ; a calculus humanus was 
in gravity as 1.7; a bezoar as 1.5. Theſe two 


3 
_— 


laſt he thinks ought to be diſtinguiſhed from com- 


* 
— 


on ſtones, being ſo much lighter, and he there- 
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fore chuſes rather to call them animal ſtones 215 
fi ingly ſtones. A third uſe which he propoſes, is 
to diſcover the reſemblance or difference aner 
bodies of the ſame denomination. A fourth uſe 
is to diſcern genuine ſtones from counterfeit ones, 
which may be of great help to jewellers. He in- 
5 ſtances in factitious coral and factitious geins, 
which he found out that way not to be genuine. 
A bezoar which in appearance ſeemed to be ver 
fair and by no means a counterfeit, and had there- 
fore a great price ſet on it, was the ſame way de- 
tected, being found to be as ponderous as a mine- 
ral ſtone of the ſame bigneſs, whereas it ought to 
have been nearly as light again. Thus mercury 
has been ſometimes found not altogether. 13 times 
and an half heavier than water; at other times 
it has been obſerved to be ſomewhat above 14 
times heavier, 

Now that we may obſerve this by the way, 
here may hence ariſe a notable difference in two 
weather: glaſſes at the ſame time and in the fame - 
place, if the mercury of the one be not of the 
ſame gravity with the mercury of the other, 'and 
the difference may amount even to a whole inch. 
Thoſe therefore who publiſh regiſters of the 
weather, ought. alſo to find out and declare to 
the world the ſpecifiok gravity of the quickfilver 

they make uſe of in their tubes. 

After the ſame method may an eſtimate be 
made of the goodneſs of any of thoſe ſubſtances 
that compoſe the materia medica, which is of 
great uſe to phyſicians, chymiſts, apothecaries and 

| A Hence alſo may the goldſmith nes 
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ſiſted in judging of the fineneſs of his metals, and 
the merchant in his choice of ſand gold and other 
precious commodities which are often counter- 
feited; and the miner may hence inform his judg- 
ment concerning the various ſubſtances he meets 
with under ground. 

To conclude, this excellent phügſopher, about 
che end of his book, lets us know the high value 
he has for this method in the following words. 
* As little {kill as I have in hydroſtaticks I would 
e not be debarred from the uſe of them for a 
conſiderable ſum of money; it having already 
* done me acceptable ſervice, and on far more 
e occaſions than 1 myſelf expected at firſt, eſpe- 
« cially in the examen of metals and mineral bo- 
« dies, and of ſeveral chymical productions. And 
I have been able more than once or twice to 
t undeceive artiſts and other experimenters, that 
« bona fide, believed they had made, or were 

« poſſeſſors of, luna fixa, as they call it, and other 
* valuable things; and to make a judgment of 


< the genuineneſs or falſity, and the degrees of 


« worth and ſtrength in their kind, of. divers 
* richer and poorer metalline mixtures and other 

e bodies, ſome ſolid and ſome liquid, whoſe fair 
appearances might otherwiſe have much puz- 
* zled, if not deceived me” 
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„ exhibited and erplaine. 
LIAVIN exhibited the principal phæno- 
11 mena of the Torricellian experiment (a), I 

need not uſe many words to evince their depen- 
dence upon the gravitation of the air. Let us ſup- 
poſe that theſs things were altogether now to-us 


| (a) The principal phænomena of the Torricellian experi- 

ment ſo called from the name of its inventor, are repreſented 
by F16. 30, in the following manner. Having filled a glaſs 
tube with quickſilver and covered its orifice with your finger, 
and inverted it, and immerſed the finger in a veſſel of quick- 
very upon withdrawing. the finger from the orifice, the 
quickſilver will never, wholly ſublide ; if the tube be long 
enough, it will ſubſide in part, till it reſts at a certain alti- 
tude, generally between 31 and 28 inches; but if the tube 


4 


2-8 8: 
1 


x 
EY 


de ſhorter than that altitude, it will not ſubſide at al. 
It is further remarkable, if ſeveral tubes of various lengths, 
ſhapes and capacities be thus filled and inverted, that the 
ſurfaces of the contained quickſilver will reſt exactly upon 
the ſame level in all, whether held upright or any way in- 
lined. I ſay exactly, provided the bore of none of the tubes 
be too narrow, and due care be taken in filling them to ex- 
pe] all the little air- bubbles that adhere to their inſides: which 
may be done by putting a ſlender wire into the tube and ſtir 
it up and down; or, if the tube and quickſilver be very clean, 
as they ought, by leaving about an inch or leſs of the tube 

unfilled, by covering its orifice with your finger and by in- 
verting it gently, that the air in the vacant part may aſcend 
gradually along the tube, and ſweep up the little air- bubbles 
5 * with it: and laſtly by reverting it gradually to its for- 
mer poſition and filling it up with quickſil ver. 
In this latter method take care that the large air- bubble 
may not aſcend too quick, leſt hy its ruſhing againſt the crown 
of the tube with violence, it ſhould break it. Alſo in empty- 


ing 


vii. Arie en experiment, A 7 
and . aſide all former prejudices in farour 
of any hypotheſis, let us try whether a due con- 
fideration of the effects which we have ſeen, maz 
not be ſufficient to lead us into the knowledge of 
| i cauſes. It appears at firſt fight to be —5 
gether repugnant to the laws of hydroſtaticks, that 
the quickfilver within the tube ſhould be fo much 
more elevated than that within the veſſel into 
which it was inverted. For imagining an Hori- 
ontal plane to paſs by the lower orifice of the 
tube through the body of the quickfilver within 
the veſſel, it will be evident has the part of the 
plane which is contiguous to and placed directiy 


under the faid orifice, has a greater weight of 


— incumbent upon it than any other 
al part of the fame plane. Nom we have often 
Kew? in the former week, that fluids cannot poſ- 


fbly reſt in equilibria, whilſt the equal parts'of 


ſuch an inary horizontal plane are unequal} 

preſſed _ which nevertheleſs. hap pens i. — 
pre ſent experiments ; therefore we . | neceffarity 
conc] ade, either that the general courſe of things 
is here interrupted and that theſe phænomena are 
à ſort of miracle in nature, or that there is, con- 
r to what does at firſt * 1 an . 


23 ing voy TY . fear of the like accident, take care firſt to 
Incline it, then to draw the orifice gently above the farface 


of 'the' ſtagnant quickſiver, and immediately to immerſe. it 


5 again, fo as to take in but little air at a time. 
Tais is the way of making a weather-glaſs, which will be 
4 compleat when ene! in a common frame, having at the ſide 
a ſcale of three inches, divided into tenths as uſual, and 


placed at the height of 25 inches Shows: tha, ane of the 
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ity of preſſure upon every part of our imaginary 
plane. If there be that equality of preſſure, it 
muſt proceed either from ſome increaſe of the 
leſſer or ſome diminution of the greater, or per- 
haps from both; that is, there muſt either be 
ſome, as yet by us unheeded preſſure, added to 
that of the quickſilver in the veſſel, or ſome ſuſ- 
penſion of the quickſilver in the tube, whereby 

its exceſs of gravitation may be taken off. 
Let it then be conſidered how either of theſe 
ways may be accounted for. If the equality pro- 
ceeds from ' ſome preſſure added to that of the 
quickſilver in the veſſel, it muſt ariſe from ſome· 
thing contiguous to the ſurface of the veſſelled 
quickſilver. Since then the ſarface is contiguous 
to the air only, nothing but the preſſure of the air 
can be that additional force I have hitherto been 
iIpeaking of. The preſſure of the air is therefore 
one of the cauſes we dre to examine. We are al- 
ſo. to conſider of the other, and to enquire how 
the exceſs of preſſure of the quickſilver in the 
tube may be ſuſpended; and here T muſt needs 
confeſs myſelf to be utterly at a lofs ; not being 
able to imagine any cauſe ſufficient for this effect, 
that ſhall at the ſame time agree with the reſt of 
the appearances of nature. Franciſcus Linus does 
indeed imagine he has found out what I deſpair 
of; let him then be anſwerable for his own con- 
ceit, which it may not be improper in this place 
to give you ſome account of; and I cannot do it 
better, ſince I have not Linus's book by me, than 
in the words of Dr, Power. His principles are 

8 1. That 
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1. That there is an inſeparability of bodies; 6- 
that there can be no vacuities in rrrum natura 

2. That the deſerted part of the tube is filled 
with a ſmall film of quickſilver, which being 
taken off from the upper part of it, is both exte- 
nuated and extended through the ſeeming vacuity. 

That by this extended film or rope, as he 
calls it, of dilated quickfilver, the reſt of the 
quickſilyer 1 in the tube is 1 And Kept = 
from falling into the veſſel. - 

4. That this funicle or rope is excedtivhy ra- 
refied and extended by the weight of the pendent 
quickſilver, and will, upon removal of that vio- 
lent cauſe which fo holds it, recontract itſelf in- 
to its former dimenſions again, and ſo draw) up 


what body ſoever it hath hold of along with it 8 
as the effluviums of an electrick body, upon its 


retreat, plucks uß ſtraws or any other To with 
Its! that it is able to: wield. 0 
That this extenſion of the Rien of quieks" 


Glver 3 is not indefinite, but hath a certain limit | 
beyond which it will not be ſtretched; and there- 
fore if the tube be of an exceeding great held; 
the quickſilver will rather part with another film 
and extend that, and ſo a third or fourth till it 
come to the ſtandard of 29 inches where it reſts, 
having not weight nor power e to he N 


another film from it. 


Theſe are his prineiples, and chat you may 
have a taſte of the application he makes of them, 
I will add, that his reaſon why the quickſilver ' 

in a tube under 29 inches deſcends not at all is 
— eh becauſe it ſticks with its uppermoſt ſurface: 
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To, cloſe to the | top of * — "that * is 2 
weight enough to break that adheſion; tlie rea- 


ſon end is, becauſe there is nothing to fuc- 
ceed in the room of the deſcending quickfilver, 
— eg it Wen ſticks: there ne daretur va- 


EMH. . 
In longer tubes it falls to that. e Fo 
cauſe then the greater weight of the quickſilyer 
able to break that link of contiguity or adhe- 
ion, and therefore the uppermoſt ſurface of the 
guickfilver being fliced off, is dilated into a thin 
column. or Ns. which ſupplies that ſeeming 
yacuity.. Now, fays Ds. Power, for the poſitive 
arguments to avouch his principles by, he has 
none at all, only what he. fetches a pofteriors, 


| from his commodious ſolution: of difficultics and 


falving the phænomena better than others have 
done. This is the hypotheſis of Linus, and the 
only one I have met with that pretends to ac- 
count for our phznomena by taking off the ex- 
ceſs of gravitation of the quickfilver in the tube. 
Thus much then we have hitherto eſtabliſhed, 
that nature either ſuſpends her ſettled laws for the 
oduction of thefe phænomena, or that there is 


tome. additional preſſute communicated to the 


quickſilver in the veſſel, which can be no other, 
as has been proved, than the preſſure of the air 
which is contiguous to it; or laſtly that the ex- 
ceſs, of preſſure from the quickſilver in the tubes 
is by ſome way or other, which I confeſs I can- 
not diſcover, taken off or rendered ineffectual. | 

It is unreaſonable to imagine that nature ſhould 
Ke her ee * N ſo trifling 00 OC= 
7 | | 55 on; 


14 


# kw < 4 


Ii. Torricelian experiment.” 9 


caſion; 47, it is certain we have no precedents to 

Warrant ſuch a ſuſpicion; it has indeed been fire? 
 nuouſly maintained” by the ſchools, that nature 
does at, all times ſuſpend any of her laws to pre- 
went a vacuum, to which they confidently tell us 
ſhe has a moſt dreadful averſion. Now by na- 
ture they muſt mean, if they mean any thing, 
either the author of all created beings or the crea- 
tures themſelves ; if they would be underſtood. 
in the firſt. ſenſe, they do unavoidably charge 
omniſcience its ſelf with incogitancy, ſuppoſing 
him ſo to have created the world as continually 
to ſtand in need of miracles for its preſervation; 
it being in their own power, as often as they 
pleaſe to make a trifling experiment, to put him 
to the neceſſity of interpoſing to hinder a vacuum. 
If they mean by nature the creatures themſelves, 
then they muſt of neceſſity fall into another ab- 
ſurdity, whilſt they ſuppoſe brute matter to be 
intelligent, and to put its ſelf into action i in 55 

ſuit of ſome determinate end. 

This 1 preſume may be ſufficientts expoſe that 
grols, opinion concerning a. fuga vacui, ſuppoſing 
it could account for our experiments, which it 
cannot do by any means. When the length of the 
tube was leſs than 30 or 29 inches or thereabouts, 
the quickſilver as we ſaw did not deſcend, and 
thereby deſert the top of the tube, fo as to leave 
a vacuity behind it; here indeed it poſſibly might 
be pretended that nature went out of Her way 
to prevent a vacuum; why then was ſhe not 
equally concerned to do it hah the tube was 
longer? It muſt at laſt be faid that her power is 
limited and kept! in by certain determinate laws. 
| There 
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There remains then but two ways of explain- 
2 the phenomena we are concerned with. The 
preſſure of the air upon the quickſilver in the 
veſſel, or ſome unknown cauſe which takes off 
the exceſs of preſſure from the quickſilyer in 
the tube. Let us now try whether either of 


them may poſſibly be excluded, fo that at Jeogth 
Ve may be certain what to fix upon. 


Me may make uſe of that i ingenious device of 
Mr. Azout; as an experimentum crucis in our pre- 
ſent enquiry (5). We are chiefly to attend to 
* e in the aper tube and e It 

was 


a) The W for trying M. . $ merit: con- 


6&6 of ſeveral parts. In FIG. 31, 4 6 is the lower baſon, 
| b< the lower tube, ede, the upper baſon, whoſe bottom part 


is ſkrewed at c into a hollow braſs collar cemented round the 
* of the lower tube, and e f g is the upper tube, put through 
raſs collar cemented to it at F and ſkrewed into the upper 
pon of this baſon. This tube reaches almoſt to the bottom 
of the baſon, covered over with hard cement; through which; 
towards one ſide, there paſſes a ſmall pipe h i, fo bent, un- 
derneath the eement, towards the middle of the baſon, as 
to reach down towards the orifice of the under tube cb. 
The manner of making the experiment is this. The bot- 
tom of the lower tube is furrounded with two parallel collars 
of hard cement, having a neck between them, for the _ 


venience of tying a piece of wet bladder very tight aver 
_ orifice of the tube. Having taken off the upper ciſtern a d 


tube, firſt fill the lower tube with quickſilver, well purg 
of air- bubbles; then fkrew on the upper baſon, and fill it 


with quickſilver, which will alſo fill the included pipe bi; 


then ſkrew in the upper tube and fill it alſo with quickſilver, 
well purged, of air-bubbles, up to the very top, and tye a 
wet bladder over it in the fame manner as below. 
The inſtrument being thus filled, with a ſmall penkpife 


immerſed in the quickſilver in the jower baſon, cut ſlits in 
the lower bladder, for the quickUver | in the tubes to deſcend 


through; 4 


v. 7 Turtitellian exp 


1 


in the upper ciſtern, after 
the lower tube, was free from the contact of the 


air ; if therefore the elevation of the quickfilyer 


in the tubes in the former experiments, did pro- 
ceed from the preſſure of the air upon the quick - 


filver in the ciſtern, becauſe in this upper ciſtern 


there was no ſuch preſſure, there ought to be no 


ſuch elevation; but if the elevation of the quick - 


Glver-in the former experiments did de ne. up- 
on ſome other unknown cauſe, by which the ex- 
ceſs of preffare from the quickſilver in the tube 
was an off, then ought the quickſilver in the 
tube to remain alſo elevated in this experiment, 
all circumſtances being the ſame here as in the for- 
mer, excepting that the air is here excluded from 
the ſurface of the quickſilver in the upper ciſtern, 


Since then in this deciſive experiment we-faw 


that the quickſilver i in the upper tube was not cle- 
vated as in the former experiments, hut fell down 
to. the rel of that which was contained atthe 


a by which means che upper ane will firſt het evacu- 
ated, and then the upper part of the upper baſon, as low as 
the upper orifice of the bended pipe; then will this pipe be 
next evacuated and the upper part of the lower tube, ſo far 
as to leave no more in it than a column equal to the ſtandard 


altitude, as in the Porricellian experiment made with a ſingle | 


tube. 


air gradually into the upper bafen, the quickſilver will af 
cend to the ſtandard altitude in the upper tube, and deſcend 
uite to the bottom of the lower tube, Laſtly upon pricking 


upper bladder with a pin, the admitted air will depreſs 
| — en in in this tube WO to the level of that in this 


baſon. ; 
ciſtern, 


ment. 93 
was evident that the quickülver SOS remained 
ing the orifice of 


But upon unſkrewing the upper tube, ſo as to admit ſome 
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- Eiftern,. a may very ſecurely 3 i” con- 


clude; that. its elevation in the former experiments 
was not wing to any other e to the 


won of the air only. 


For a- nber confirmation of this e | 


FF EE 3 EF FF 


_ at the Tang time the e in pay We 
tube was depreſſed gradually, till it was; reduced 


to the level of that in the lower ciſtern. For the 


air being ſuffered to preſs equally upon the quick- 
filver in the lower tube and upon that in the 
lower ciſtern, there is now no reaſon. why, it 
ſhould be any longer elevated, as it was when 


the air preſſed only upon that within the ciſtern. 


Vou will 38 meet with ſtill further proofs 
and confirmations of the air's preſſure. 
It is now our buſineſs to account for that ab 


ſervation, which was made upon theſe, expe- 


iments, that the perpendicular altitude of the 
quickſilver in the tube above that in the ciſtern 
is conſtantly the ſame, whatever be the length, 
wideneſs, figure or ſituation of it. We * 
ſten already that the preſſure of the air is that 

additional force which counterbalances the exceſs 


. 1. gravity from the quickſilver in the tube; it 


will follow from hence that, that part of the up- 
per ſurface of the guickfilver in the ciſtern, which 
is contained within the orifice of the tube, is juſt | 


Þ much, h more nor leſs, preſſed pon by 
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1 vickſilver in Ane tube, as any other 181 
p tlie ſame ſurface is preſſed upon by the 
Height of the column of air incumbent on it. 

We faw in the laſt week, that the preſſure of 
all fluids upon any propoſed plane was according 
to their altitudes; that as long as the altitude was 
the ſame, the preſſure was alſo the ſame, though 
the - rp nl of the preſſing fluid was never ſo 


much altered, either by being contained in a veſ- 


ſel differently figured or differently inclined. 

Therefore in ot the caſes of the experiments 
which have been made this day, the prefſure of 
the quickfilver contained in the tubes, however 
figured or ſituated, is every where the ſame, and 
every where equal to the preſſure of the air upon 
the other equal parts of the ſurface of the quick- 
filver 1 in the ciſtern,” becauſe, as we ſaw, the al- 
titude is always the ſame. The elevation of the 
quickſilver always to the ſame height, ought not 
then to be urged as an argument againſt what we 
have proved, that the gravitation' of the! air is 


the cauſe of the phznomena in the Torricellian 


experiment, fince we have ſhewn it to be a ne- 
ceffary effect of that cauſG. : 
Let us now proceed to thoſe experiments which 
were made to determine the force requiſite to bear 
up; the 1nverted tube (a). We oblexyed that the 


force 


= 35 f 10. 2, 4 TY ane? A the Torricellian, tube i im- 
merſed! in a baſon of quickſilver, and ſuſpended at the beam 
of a ballance by the ſtring a, lapped about the end of the tube 
and faſtened to it with hard cement The tube being coun- 
terpoiſed with weights in the oppoſite ſcale, its orifice, plays 
* within the quickſilver in the baſon, and is hindered 


from 
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| | compare | 


Lect. 
force was, as nearly as we could eſtimate it, equal 
to the weight of the tube and the quickfilver con- 
tained in it; abating the weight of ſo much quick- | 


filver as was equal in magnitude to the part im- 


merſed. This phænomenon does at firſt view 


| ſeem to diſagree with what we have hitherto ad- 


vanced, and to favour the funicular hypotheſis; 
accordingly the patrons of that hypotheſis have 
not been wanting to make uſe of it for their pur- 
poſe. For if the preſſure of the air upon the ſur- 


face of the quickſilver i in the veſſel, be the true 


cauſe of the elevation of the quickſilver in the 

tube, it ſhould ſeem that the weight of the quick- 
Klver in the tube, being ſuſtained by that preſſure 
of the air, ought not in the leaſt to be perceived 
by the hand of him who holds up the tube; and 
that he ought to be ſenſible only of the bare 


weight of the tube. Since then the weight of 


the quickſilver, as appears by our experiments, 
does alſo ſeem to load the hand, it may perhaps 
be ſuſpected that the quickſilver is r to 
2 of the tube by Las rope. 


Jodi nat EA PEI — it, by a ab Marc under 
Fro oppoſite ſcale. With your finger imtferſed i in the quick- 
ver, having covered the orifice of the tube and ſhut up the 
column within it, take it up and incline it gradually till it be 
quite inverted, then putting the cloſed end into the quickſilyer 
in the baſon, hang the open end upon the balance by the ſtring 
b, and the beam will again be in equilibrio as before, - 
-« Þ repreſents a like tube, ſhorter than the ſtandard alti- 
„which being hung at the balance by the ſtring &'or g 
8 end, will alſo counterpoiſe the ſame weight in both 
poſitions. * * Dr. I was tho nVERIEr of 19s, ex- 
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But we ought to obſerve that this weight, 
1 at firſt ſight one would be apt to aſcribe to 
the quickſilver contained in the tube, is not in 
reality the weight of the quickſilver, that being 
© unqueſtionably ſupported by the preſſure of the 
air upon the ſtagnant quickſilver of the ciſtern 
below, but is the weight of the column of air in- 
cumbent upon the crown of the tube, which'is 
equivalent to the weight of the quickſilver con- 

tained in the tube, and which we therefore un- 
warily are apt to lock upon as the very weight of 
that quickſilver its ſelf. For the weight of ae 
air N in this experiment to be perceived b 
the balance, or by the hand of him who held up 
the tube, ſince it is not counterbalanced and ſo 
taken off by an equal preſſure from below, as it 
is When the tube is empty; that counterbalance 
being now otherways employed in ene up the 
quicklilver within the tube. F s 
There have been ſeveral warm diſputes, but to 
7 little purpoſe, about the ſpace in the top of the 
Torricellian tube, which is deſerted by the de- 
ſcending quickfilver, ſome holding it to be an ab- 
ſolute vacuity, others denying that there is or can 
be any ſuch thing in nature. Their materia ſub- 
_ tilis is always ready upon any difficulty, and they 
employ it a thouſand ways as occaſion requires. 
This we may ſecurely affirm, and it is ſufficient 
for our — Id that the deſerted ſpace, if it be 
not altogether free from the common air we 
breath, yet is ſo as to all fſenſe; which, we m. 
be certain of by inclining the tube; for the quick- 
1 will _ — the ſpace i it had former- 
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deſeribed in the ſequel of the lecture. 
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Iy quitted, which it could not do, were that 
ſpace taken up by the air. We may indeed ſome- 
times, upon inclination, . perceive ſome air ſti] 
lurking behind, but the quantity of it is general- 
ly ſmall, if care be taken in making the ex- 
periment, that it deſerves not to be regarded. 


LECTURE VII. -. 5 


Mr. Paſcal's imitation of the Torricellian experi- 
ment by water; other experiments of the hike na- 
ture with fluids variouſly combined ; the preſſure 
of the air ſhewn by experiment to be different at 


different altitudes from the ſurface of the earth. 


1 Procured the apparatus for that chargeable 
and troubleſome experiment of Mr. Paſcal{a} 


rather as a curioſity than as abſolutely neceſſary to 
our purpoſe; for ſince the preſſure of the air was 


able to keep the quickſilver in the Torricellian 


tube, elevated to the altitude of about 29 or 30 
inches, as we yeſterday ſaw, we might without 


making the experiment ſafely conclude, that the 


ſame preſſure of the air would be ſufficient to 


keep water elevated in the Paſcalian tube to an 
altitude about 14 times greater; that is, to about 


34 feet. For fince quickfilver, as we found by 
the hydroſtatical balance, is about 14 times ſpe- 


cifically heavier than common water, ſo the al- 


titude of water requiſite to counterbalance the 
preſſure of the air, ought to be about 14 times as 


| (a) The beſt way of trying this experiment is ſufficiently 
great 
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great as the altitude of quickfilver requiſite for 
the ſame purpoſe. But matter of fact is always 
more convincing than any reaſon how well ſoever 
it be grounded, and what we ſee with our eyes 
is always more ſatisfactory than any relation of 
. what has been done by others. We have there- 
fore ventured to repeat that noble experiment, 
which had alſo been tried by others with ſucceſs, 
though not very often by reaſon of the great dif- 
ficulty in managing it. ? | 
Mr. Paſcal is ſaid to be the firſt that attempted 
it. The learned and induſtrious Jeſuit Caſpar 
Schottus has, in his Tesbnica curigſa, given us an 
account, from a letter of Mr. Roberval, of the 
motives which chiefly induced Mr. Paſcal to make 
this trial. He tells us from that letter, that Mr. 

Paſcal did at Roan in Normandy exhibit this ex- 

periment with water and wine, in tubes of cryſ- 

tal glaſs 40 feet long, which were fixed to the 
maſt of a ſhip, that was contrived to be raiſed and 
depreſſed as need required. He alſo informs us 
that the occaſion of having recourſe to tubes of 
that length, was, that when ſeveral learned men 
ſaw the quickſilver in the Torricellian experiment, 
when it deſerted the upper part of the tube, ſo 
to deſcend as always to poſſeſs in the lower part 
of the tube, the altitude of 2 Paris feet and 3+ 
inches nearly, meaſured perpendicularly from the 
ſurface of the quickſilver in the veſſel underneath, 
they divided into different opinions; and ſome of 
them who were Peripateticks aſſerted, that in the 
upper part of the tube, deſerted by the quickſil- 
ver, there was contained ſome ſpirits evaporated 
" 2 £ from 
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from the quickfilver, which being rarefied did 
fill that part, thereby helping nature now put to 
her ſhifts, againſt her mortal enemy a vacuum. 
Now Mr. Paſcal, that he might plainly. convince 
theſe men of their error, procured (ſays Roberval/ 
cryſtal tubes of 40 feet in length to be tied to a 
maſt, and engines to be applied as was ſaid before; 
and having fixed upon a day and a ſpacious place 
near the glaſs-houſe, he invited all to be Peeſent 
to ſee wonders, 

Now Mr. Paſcal had privately made a calcula- 
tion of water and wine, compared with quickfil- 
ver as to their gravities, that thence he might 
find out the altitude due to each of them, ſo as 
they might equiponderate ; and he found, that 
taking 2 Paris feet and 3 inches for the altitude 
of quickſilver, the altitude due to the water muſt 
be 31 feet and about 33 and in like manner the 
altitude due to the wine muſt be 31 feet and 3 
nearly. Then before he opened any thing of his 
deſign, by queſtioning them he eaſily made them 
confeſs that there was certainly a greater quantity 
of ſpirits in wine than in water; ſo that if the 
experiment could be made with thoſe liquors, the 

wine would leave a greater ſpace in the top of the 
tube than the water, provided the tubes were of 
equal lengths. This being allowed him, the maſt 
-was ſhewn with the tubes tied to it, which be- 
ing filled, the one with water, the other with 
wine, and their orifices being cloſed, the maſt 
Was erected, and veſſels were applied to the ori- 
 fices, the one filled with wine, the other with 
water, into which the orifices were immerſed, 


the 


ves 


opened ; which when done, the liquors contain- 
ed in the tubes did fo deſcend, as that after they 
came to reſt, the altitude of the water in its tube, 


above the ſurface of the water. in the veſſel} belows, 


was 31 feet and about 5, but the altitude of the 


wine was ſomewhat. greater, being 31 feet and 


about 3 2 the upper parts of both tubes remainin 


to appearance void of any ing as is uſual in the 


Torricellian experiment. 
The liquors in the tubes were afterwards 


changed, that being filled with water which was 
before filled with wine, and that with wine which 


was before filled with water; notwithſtanding 


this, no alteration was obſerved as to the alti- 


tudes. Thus did he confute his adverſaries from 
their own conceſſions, ſhewing them, if their 


hypotheſis were. true, that a greater ſpace was 


neceſſarily occupied by the ſpirits of water than 


by thoſe of wine, and conſequently that water 
was more ſpirituous than wine; W to all 


reaſon and experience. 


Let us now come to thoſe experiments which 
were made by combining two different fluids in 


the ſame tube. The trials we made were with 


quickſilver and water, quickſilver and air, water 
and air, and theſe are ſufficient to let us under- 
ſtand what the event would be if any other fluids 
be made uſe of. We have ſeen that quickſilver is 
elevated by the preflure of the air to about 29 
inches and 2, and water to about 34 feet. It is 


eaſy then to underſtand that a mixture of quick- 
ſilver and water, muſt needs be raiſed by the ſame 
| 0 3 preſſuie 
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the tubes ſtill remaining full till their orifices were 
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preſſure to ſome intermediate altitude; what that 
altitude will preciſely be, muſt be determined by 
the particular quantity of water we employed 
in the experiment. 

Let us ſuppoſe that the vickſilver we make 
uſe of is 14 times ſpecifically heavier than the 
water, and that the ſtate of the weather is ſuch, 
that the weight of the air is equipollent to 30 
inches of that quickſilver, as it often happens to 
be; putting then 28 inches of water into the 
tube, we may thus compute before hand what 
the event will be: 28 inches of water are equal 
in weight to 2 inches of quickſilver, 28 inches 
being equal to 14 times 2 inches of quickſilver, 

as the ſpecifick gravity of quickſilver is 14 times 
| * than the ſpecifick gravity of water; but 
the air was able to ſuſtain 30 inches of quickſilver 
by ſuppoſition; ſince then theſe 28 inches of 
water are equal but to 2 of the 30, there remains 

28 inches more of quickſilver to equal the preſ- 
ſure of the air. The whole compound then of 
gquickſilver and water will be ſuſtained at "_ al- 
titude of twice 28 or 56 inches. 

Suppoſe again that 14 inches of water were 
placed in the ſame tube: then becauſe 14 inches 
of water are equivalent to one of quickſilver; 
taking that 1 inch from 30 as before, there will 
remain 29 due to the quickſilver, ſo that the 
whole compound of quickſilver and water toge- 
ther will ſtand at 43 inches. ; 

If quickſilver and air be to be combined toge- 
ther in the ſame tube, it will be much more Git. 
ficult to make an eſtimate of the altitude at which 
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the quickſilver will ſtand, than i in the former caſe; 
the problem 1s properly algebraical, and he WhO 
will ſolve it muſt do it analytically, for which 


reaſon I ſhall omit it in this place, and invert the 
problem! Inſtead of computing at what height | 
the quickfilver will ſtand for any propoſed quan- 
tity of air lodged in the top of the tube, I will 
here ſhew how to determine the quantity of air 
which being placed in the upper part of the tube, 

will cauſe the quickſilver to reſt at any given al- 


titude leſs than the Torricellian ſtandard. 


The rule may be thus ſtated : as the ſtandard 


altitude of the quickſilver in the Torricellian 


tube at the time of making the experiment, is to 


the defect of the propoſed altitude from that 


ſtandard, ſo is the length of that upper part of 
the tube which is to be left free from quickſilver 


after inverſion, to the length of that part of the 
tube which is to be left free from quickſilver be- 
fore the inverſion, 


I will firſt endeavour to make this rule clear- 
I underſtood by an example or two, and then 
give the reaſon of it. Suppoſe at a time when the 


altitude of the quickſilver in the Torricellian tube 
or barometer is 3o inches, it were required to fill 


a tube of 36 inches partly with quickfilver and 
partly with air, ſo that after inverſion the altitude 


of the quickſilver may be 20 inches. Let us ſup- 

poſe that when the tube is inverted, one inch of 
it is immerſed in the ſtagnant quickfilver of the 
veſſel below, ſo that there remains but 35 inches 
above the ſurface of the ſtagnant quickſilver ; the 


| W of the propoſed altitude 20 inches from 4 
8 4 | the 22 
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the ſtandard altitude 30 inches, is equal to 10 
inches; the length of the upper part of the tube 
Which is to be left free from quickſilver after in- 
verſion, is 15 inches; for there being but 35 inches 
of the tube extant above the ſurface of the quicx- 
ſilver in the veſſel, and 20 of theſe 3 5 being poſ- 
ſeſſed by the quickſilver, there will remain 15 free 
from the quickſilver; we muſt ſay then, by the 
rule, as 30 inches, the ſtandard altitude, are to 
10 inches the defect of the propoſed altitude from 
the ſtandard, ſo are 15 W the length of the 
upper part of the tube to be left free from quick 
ſilver after inverſion, to 5 inches, the length of 
that part of the tube which is to be left free from 
quickſilver before the inverſion. If then we fill 
the tube with quickſilver excepting 5 inches which 
we leave to be poſſeſſed by the air, then cloſing; 
the orifice we invert it, theſe 5 inches of air will 
readily aſcend to the top of the tube; afterwards 
immerſing the lower end an inch deep under the 
quickfilver in the veſſel, when we uncover the 
orifice, the quickſilver will immediately fall down 
to the altitude of 20 inches, which was the thing 
propoſed to be effected; and the air which did 
juſt before poſſeſs only 5 inches, will now upon 
the retreat of the quickſilver dilate itſelf to 15. 
In this example the tube was 36 inches long, 
Which is more than the ſtandard ; ſuppoſe now 
it were but 24, which is leſs than the ſtandard ; 
let an inch as before be immerſed in the veſſel, 
there will then be but 23 cxtant, and let it be pro- 
poſed to find out how much air muſt be left in 
the tube before inverſion, to make the ns. 
5 oy | Tet 
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reſt at the altitude of 18 inches after inverſion. 
The defect of 18 inches from the ſtandard is 12 
inches; the upper part of the tube which is to 
be free from the quickſilver, is 5 inches, 18 f 
the 23 inches extant being to be poſſeſſed by it, 
Say then as 3o, the ſtandard, is to 12, the defect 
of the altitude propoſed from the ſtandard, ſo is 
5, the part free from quickſilver after inverſion, 
to 2, the part to be left free from quickfilver be- 
fore inverſion. If then the tube be filled with 
quickſilver excepting 2 inches, after inverſion the 
quickſilver will reſt at the altitude of 18 inches. 
In order to make out this rule we muſt ob- 
ſerve, in the firſt place, that there is a ſpring or 
elaſtical power in the air we live in; by which I 
mean that our air either conſiſts of, or at leaſt a- 
bounds with parts of ſuch a nature, that in caſe 
they be compreſſed and thereby reduced into leſ- 
ſer dimenſions, either by the weight of the in- 
cumbent part of the atmoſphere, or by any other 
force, they endeavour as much as in them lies, 
to free themſelves from that preſſure, and to re- 
gain their former dimenſions, by bearing againſt 
the contiguous bodies that keep them in. This. 
is what any one may obſerve in a blown bladder; 
the air contained in it may by the force of his 
hands be reduced into a leſſer ſpace, but then as 
ſoon as the force is removed, it will immediately 
expand itſelf as before, and you may perceive even 
whilſt you compreſs it, a very great endeavour 
to free itſelf from the violence you offer to it. 
In the ſecond place we may obſerve, that this 
elaſtical or expanſive power of the air is equiva- 
5 5 dent 
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lent to the force which compreſſes it; for were 


it leſs, it would till yield to a further degree of 
compreſſion, and were it greater, it would not 


ſuffer itſelf to be ſo much reduced, action and 


re- action being always equal. It follows from 
hence, that the elaſtick power of any ſmall par- 
cel of the air we breath, is equivalent to the 
weight of the incumbent part of the atmoſphere, 
that weight being the force which confines it to 
the dimenſions it poſſeſſes. Though this aſſer- 


tion may at firſt view ſeem a paradox, yet, as 


was ſaid before, if the elaſticity or ſpring of this 


{mall portion of air, were not fo great as the 
weight of the incumbent part of the atmoſphere, 
it would yield to that weight and permit, itſelf 
to be confined in narrower bounds. 

In the third place we may take notice, that 
by a greater compreſſion, the air is ſtill reduced 
into leſſer dimenſions, and on the contrary, its 
dimenſions are enlarged as its compreſſion is di- 
miniſhed. We cannot by any reaſoning alone 
find out what ſort of proportion the dimenſions 


bear to the compreſſions. The Author of nature 


might have ordered theſe things otherwiſe than 
he has done by infinite variations; we muſt there- 


fore by experiments try what is the conſtitution 

of nature. I defign therefore at our next meet- 
ing to attempt this buſineſs, and I hope then to 
demonſtrate, that the ſpace which any propoſed 


quantity of air at any time poſſeſſes, is recipro- 
cally as the force which compreſſes it. 

When I fay the ſpace is reciprocally as the 
force, I mean that the ſpace is diminiſhed in the 
ſame proportion in which the force is „ 

| | and 
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and increafed in the ſame proportion in which the 


force is diminiſhed : thus a double force reduces 


the air into half the ſpace, a triple force reduces 


it into a third part of the ſpace it poſſeſſed be- - 
fore; ſo half the force permits the air to expand 


itſelf into double the ſpace, and a third part of 
the force permits it to expand itſelf into a ſpace 
triple of that which it poſſeſſed before. 


Now the force of elaſticity, being as I have 


already proved, equal to the force of compreſ- 

ſion, it will follow that the force of elaſticity is 
reciprocally as the ſpace which the air takes up: 
which property I will at this time take for grant- 
ed, and proceed to make out the truth of our 
rule. 2k Ts BETS, 
In FIG. 33 and 34, let a e be the tube propoſ- 
ed, bc the altitude at which the quickſilver is to 
ſtand, d the ſtandard altitude in the Torricellian 


experiment. The preſſure of the atmoſphere 
upon the ſurface of the veſſel below is, in the 


Torricellian experiment, balanced by the column 
of quickfilver 5 d, or 6 c and ed together; in 
our preſent experiment it is balanced by the 
weight of the column 4 c and the preſſure down- 
wards of the air ec, contained in the top of the 


tabe, upon the upper ſurface'c of the elevated 


quickfilyer ; which preſſure ariſes not from the 
weight of that mcluds 

inconſiderable, but from its elaſticity or endea- 
vour to enlarge its dimenſions, which it can no 
otherways do but by depreſſing the quickſilver 
c 6; the weight of the columns 4 and cd is 
therefore equivalent to the weight of & e and the 


Tn 


ed air, for that is altogether 
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elaſtick an of the air ce, both bein g equivalent | 
to the preſſure of the atmoſphere. upon the ſur- 
face of the veſſel. '- The weight of the column 


of quickſilver c d is therefore equivalent to the. 
_ elaſtick force of the included air c. e. 


Let 2 / be the ſpace which that air in its na- 
tural ſtate did poſſeſs, when it was firſt lodged in 
the top of the. tube, before it had depreſſed the 
quickſilver to c, and by its ſpring expanded itſelf 
to its new dimenſion e c. Its elaſtick force whillt 
it was in its natural extent ef; was equivalent to 
the preſſure of the atmoſphere, as has been al- 
ready proved; and therefore equivalent to the. 
weight of the column of quickſilver 6 d. | 

Thus far then have we hitherto proceeded; we 
have found that the elaſticity of the air in the ſpace 


e c, is equivalent to the weight in c d; that the 


elaſticity of the ſame air in the ſpace e / is equi- 


valent to the weight of 5 4; the elaſticity in e f 


therefore is to the elaſticity in ec as bd to d. 
Now. by the property of the air which I told 

you was to be proved to- morrow, that the elaſti- 

city is reciprocally as the ſpace, it follows that the 


elaſticity of the air in ef, is to its elaſticity in ec, 
as the ſpace ec to the ſpace e te. Therefore as 2 4 
is to 4c, ſo is ec to /; that is, as the ſtandard 


altitude in the T orricellian tube at the time of 


making the experiment, is to the defect of the 


propoſed altitude from that ſtandard, ſo is the 
length of the upper part of the tube which i is to 
be left free from quickſilver after the inverſion, to 


the length of that part of the tube which is to be 


left.” free from quickſilyer before. the inverſion ; 


6 *; - -. 
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and this is what I undertook to make out (3). 
The ſame rule will hold good with a ſmall alte- 


ration, if inſtead of quickſilver we would com- 


Gay. | bine 


(50 Fic. 33, 34. Having e f to find ec or ch, is the con- 
verſe of the foregoing propoſition, and as the author obſerved 
above, is to be ſolved analytically. | 

By the allowed property of air, that its elaſticity is reci- 
procally as the ſpace it poſſeſſes, we had ec; ef :: bd: dc, or 
ecx de=bd x ft; which ſhews that the queſtion ab- 

„ is only to find a point c, in a given line 
e d produced, at which the zeQtangle under ce and c d, ſhall 


be equal to the given rectangle under 4d and ef, Now ſince 


the ſides ce, cd are related both alike to their difference de. 
and conſequently both determinable by a like analyſis, it would 
be arbitrary to ſeek either of them rather than the other; 


which intimates, that a ſimpler and better way will be, to 
biſect their given difference de in g, Fic. 35, and to ſeek 
their half ſum ge. | 


Hence we have ce=cg +gd and cl==cg—gd, and ce 
cd g + gd x g—gd=cg*—gd*=bd x of by the condition 
of the problem: which gives this Theorem, cg*=g 4* + bd 
X fo Ep= YT pEEFAX of 


e had an example in pag. 103, where 5 J = 230 inches, 


de = 3, andef= 5. Here + de or dg = 2.5. and, by the 


Theorem, cg=y 6.25 ＋ 150 2 12.5; whoſe difference 


cd lo and ſum ce 15, and the column c = 20 inehes. 


But inſtead of the theorem for arithmetical computation, 


if a geometrical conſtruction be deſired; in FIG. 36; 36, to 


the ſtandard altitude b add dh=ef, and upon the diame- 


ter 5% deſcribe-a ſemicircle þ 7 h, cutting in i a line di drawn 
perpendicular to the tube; then biſecting de in g, and join- 
ing gi, a circle deſcribed with the center g and ſemidiameter 


gi, will cut the tube in the point c where the ſurface of the 


column of quickſilver will reſt. 

| | This will appear from the Theorem g Axe 
=g4* + bdx dh by conſtruction, = 74* +4:* by the 
known property of the ſemicircle 3%, = 7:* by the proper- 


ty of the right angled triangle g di. 


; 
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bine water and air together in a tube of any pro- 
poſed length. We muſt then ſay as the ſtandard 
altitude of the water in the Paſcalian experiment, 
which is commonly about 34 feet, is to the de- 


fect of that propoſed altitude of the water from 


the ſtandard, ſo is the length of the upper part of 
the tube which is to be left free from water after 
Inverſion, to the length of that part of the tube 
| which is to be left free from water before inverſion. 


We may. now go on to the experiment that 


was made at the top and bottom of the Obſerva- 
tory, which affords us as ſenſible an argument for 
the air's preſſure as can well be deſired, and of 
the difference of that preſſure at different alti- 


tudes (c). I muſt confeſs I cannot ſee any objec- 
| | | tion 

But if a ſynthetical demonſtration be deſired, let the circle 
e i cut the produced tube in &, then bd x ef = bd x dh by con- 


ſtruction di by the known property of the circle 5 i h, 


dc x d by the like property of the circle ci, =dcxec; 


and by reſolving the firſt and laſt rectangles into the propor- 
tion of their ſides, we have ec: ef: 6 


: de; therefore, by 

the property of the air's ſpring, the ſurface of the quickſilver 

will reſt at c. | e 
The problem abſtractly conſidered, has two anſwers, be- 


_cavſe the circle ci cuts the produced line de in two points ; 


whereof + has this property in our particular problem, that 


if the ſpace e # be filled with a column of quickfilver, having 


a vacuum above it, its upper ſurface will reſt at E, as that of 
the lower column does at e; becauſe the ſpring of the air in- 


cluded in the ſpace ce, is equipollent to the weight of a co- 


lumn whoſe length is e or e d. 
(e) Fig, 37. Having with a red hot iron burned a mode- 


rate hole lengthways through à cork, and ſqueezed it hard 
into a glaſs bottle, whoſe bottom is covered with water about 


an inch deep; and having run a glaſs tube, open at both ends, 


through the hole in the cork, quite down into the water, and 
covered the top of the cork with cement, to hinder the air from 
. paſling by the ſides of it; with your mouth applied to the w_ 


viii, preſſure at different heights. 111 
tion that may with the leaſt degree of probability 
be urged againſt it. I ſhall not therefore go about 
'to obviate any. What I think moſt pertinent to 
obſerve concerning it, is this, that we are not on] 
from hence convinced of the weight of the air, 
but may hereby alſo determine the proportion of 
its ſpecifick gravity to that of water. The differ- 
ence in height of the two places in which we made 
the experiment is 54 feet, and that difference in 
height cauſed the difference of ⁊ of an inch in the 
height of the water. By which it appears that a 
column of water of + of an inch or -* of a foot, is 
equiponderant to a column of air of 54 feet hay- 
ing the fame baſis. Therefore the gravity of 
Water is to that of air, as 54 to r or as 864 to 1. 
Me might have made with the Torricellian 
tube an experiment like this, to ſhew the differ- 
of the tube, force ſome air downwards into the water, till 
it riſes in bubbles above its ſurface, and increaſes the quan- 
tity of air within; whoſe ſpring, by preſſing ſtronger now 
than before on the ſurface of the included water, will raiſe 
it in the tube above the mouth of the bottle. Then hav- 
ing placed the bottle in any convenient veſſel, and cover- 
ed it all over with ſalt or ſand, to keep the included air of 
the ſame temperature ; after the ſurface of the elevated wa- 
ter is quite ſettled at any place of the tube, mark it by tying 
a thread about the tube or otherwiſe. Then having carried 


the veſſel up to the higheſt place at hand, you will find the 
water riſen higher in the tube, and reſting above the mark: 
which plainly — that the preſſure of the air upon the ſur- 
face of the water, is now leſs than it was below-ſtairs. For 
the air within the bottle being. of the ſame temperature as 
before, preſſes by its ſpring upon the included water with 
the ſame force; which being balanced in part by a column 
of water in the tube, now longer and heavier than the for- 
mer, muſt have its total balance made up by the weight of a 


lichter column of air incumbznt upon the heavier column 
of water. | 
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112 Difference of the air's Left, 


ent preſſure of the air at different diſtances from 


the ſurface of the earth, had the Obſervatory been 


much higher than it is. At the altitude of 54 feet 


the aſcent of the quickſilver would be too ſmall 
to ground any thing upon, being but about 2 of 


an inch. It was therefore neceſſary to make uſe 
of the contrivance you have ſeen, to ſupply the 
defect of ſome very high mountain, upon which, 


had any ſuch been near us, we might have ob- 


| ſerved a ſenſible alteration even with the Baro- 
meter. Such an experiment was formerly made 


at the defire and by the direction of Mr. Paſcal, 
in the year 1648, upon the Puy de Domme, a 


very high mountain in France. It was then ob- 
ſerved that in aſcending 3000 Paris feet, the quick- 


filver in the tube fell down 3 inches and z of an 
inch. To reduce this to Engliſh meaſure, we 
may ſay that aſcending 3204 Engliſh feet, the 


height of the quickſilver was abated 3 inches and 
- of an inch. Another experiment like this was 


made by Mr. Caſioell upon Snowdon Hill in 
Wales; he found that the height of 3720 feet 


+ abated the quickſilver 3 inches and 5%. 


It may not be amiſs here to add the reſult of a 


- computation which I made of the weight of all 


the air which preſſes upon the whole ſurface of 
the earth. If this weight were to be expreſſed by 
the number of pounds it contains, that number 


would be ſo large as to be in a manner incompre- 
- henſible. I will therefore make uſe of another 
way of expreſſing it, by determining the diameter 
of a ſphere of lead, of the fame weight with all 


the air which preſſes upon the whole ſurface 44 
1 f * A 
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the earth. Now that diameter was found to be 
very nearly 60 miles long. If any one has a de- 
ſire to make this calculation after me, he may 

proceed upon theſe grounds. That the weight 
of a_cqlumn of air reaching to the top of the 
atmoſphere, is moſt commonly equal to a co- 
lumn of water having the ſame baſis, and the al- 
titude of 34 feet; that the ſemidiameter of the 

earth 1s equal to 20949655 feet, and that the 
ſpecifick gravity of water is to that of lead as 

Io to 11325. 


L E C T U R E IX. 
The denſity * fprin g of the air Areas 70 cs as 


the force which compreſſes it, and from hence an 
' enquiry is made into the limits and ou of the 
| ee 


['T was proved yeſterday that the air has a ſpring 
or elaſtical power, by which it conſtantly en- 
deavours to expand itſelf; and that the force of 
that ſpring is always equivalent to the force by 
which the air is compreſſed; but we did at the 
ſame time take for granted that the ſpace which 
the air poſſeſſes is reciprocally as that force, and 
_ conſequently its denſity directly as the ſame. Let 
us now try by making experiment, whether the 
aſſertion will hold true. The air may be either 

more rare or more denſe, than it is in that con- 
ſtitution of it, which we commonly, but perhaps 
lomewhat improperly, call its natural ſtate. We 
44 will 
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114 The denſity and ſpring of air Lect. 
will therefore by two different ſets of experiments 
make our trials upon it, firſt when it is more and 

| afterwards when it is leſs expanded than as we 
uſually breath it. „„ 
Leet ae in FI. 33, be a tube hermetically ſeal- 
ed at the end e and open at the end a; placing 
the end e downwards, if we fill the whole tube 
with quickſilver excepting a certain ſpace, which 
we leave to be poſſeſſed by the air, then ſtopping 
the orifice @ and inverting the tube, we permit 
the included air to aſcend into the ſpace ef, after- 
wards immerſing the end à into a veſſel of quick- 
| filver, we open the orifice, which was before 
[| =" cloſed, the quickfilver will deſcend to c, and the 
' air ef will thereby expand itſelf into the ſpace ec. 
Wo Now if 4 d be the ſtandard altitude in the Tor- 
0 ricellian experiment, you may remember it was 


pjyeſterday proved that the force by which the air 
bl was compreſſed, whilſt it was contained in the 
10 - ſpace e f, was equivalent to the weight of the 


column of quickfilver'4 d; and the force with 
which it was compreſſed whilſt in the ſpace e c, 
was equivalent to the weight of the column of 
gquickſilver 4c. If then we find by making ex- 
periment that the ſpace e is conſtantly to the 
ſpace e /, as the force which compreſſes the air 
in the ſpace e % is to the force which compreſſes 
the fame air in the ſpace ec, that is, as the weight 
of the column 5 to the weight of the column 
4c, or as the length & d is to the length die, we 
may ſafely conelude that the ſpace which the air 
when rarefied poſſeſſes, is reciprocally as the 
force which compreſſes itt. 


r 


ix. i as the compreſſing force. 115 
To examine alſo whether the ſame proportion 
holds true for condenſed air, we may make uſe of 
a tube bent up like that in FIG. 38, whoſe extre- 
mity z-is ſuppoſed to be open, but g to be herme- 
tically ſealed up. Pouring in then juſt ſo much 
quickſilver as will fill the bottom : E, fo as to ſhut 
up the air ig from making its eſcape, if the. ſur- 
faces of the quickſilver at z and #4 be both upon 
the level, we: may conclude that the preſſure of 
the air 2g upon the ſurface z, is equivalent to the 
weight of that part of the atmoſphere which 
preſſes upon +; and therefore that the weight of 
a column of quickſilver of the ſtandard altitude, 
is equivalent to the force which compreſſes the 
air g. After this if we pour in more quickſilyer 
at u till it aſcends in the longer leg to n, we ſhall 
at the ſame time perceive it to riſe in the ſhorter 
leg to H, and therefore the air which before did 
poſſeſs the ſpace 7g, will be condenſed and re- 
_ duced to the ſpace 5 g. Now in this caſe it is 
evident that the force which compreſles the air 
into the ſpace + g, is equivalent to the weight 
of the column of quickſilver / m, beſides the weight 
of a column of the ſtandard altitude, if / be upon 
the level with 4. If then we find upon trial, that 
the ſpace hg is conſtantly to the ſpace i g, as the 
force we 4 compreſſes the air whilſt it is con- 
tained in the ſpace : g, is to the force which com- 
preſſes the ſame air whilſt it is contained in the 
ſpace 5 g, that is, as the ſtandard altitude is to 
the ſtandard altitude and the altitude I together, 
we may alſo conclude, that the air when con- 
denſed does always poſſeſs a ſpace which is reci- 
procally as the force which compreſſes it, 
| 1 | Tet 
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116 The denſity and ſpring of air Le&. 
Let us try then whether the event will nearly 
anſwer what we expect. We may be certain 
there will be ſome ſmall difference after all the 
cautions we can poflibly take, unleſs the bores 
of the tubes ec and g , FI. 33, 38, be truly 
cylindrical, which ſeldom or never happens; and 
the cauſe of that difference which may ariſe 1s 
this, that we ſuppoſe the ſpaces ef and ec, gz 
and gh to be to each other as their lengths, which 
ſuppoſition is erroneous unleſs the tubes be per- 
fect cylinders. _ VVVßf 
HFaving yeſterday made it appear from reaſon, 
that the ſpring or elaſtick power of the air is as 
the force which compreſſes it, and having this: 
day, as far as the unavoidable irregularity of tubes 
would permit us, ſhewn by ſeveral experiments 
that the denſity is alſo as the ſaid force, the ſpace 
it poſſeſſes being always reciprocally as that force; 
wie are now furniſhed with ſufficient data to make 
our enquiries concerning the limits of the atmo- 
ſphere, and to determine its ſtate, as to rarity, at 
different elevations from the earth's ſurface. 
If the air were of the ſame conſiſtence as to its 
rarity or denſity at all altitudes, it would be no 
difficult thing to ſet bounds to it. We collected 
from the experiment which was yeſterday made 
at the top and bottom of the Obſervatory, that 
the ſpecifick gravity of water is about 8 50 times 
greater than the ſpecifick gravity of air (which 
thing will hereafter be further examined by an 
experiment particularly fitted for that purpoſe) 
and in the foregoing week we found by the hy- 
droſtatical balance, that quickſilver is about 14 
times heavier than water; it follows then of con- 
* a | ſequence 
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ſequence that quickſlver i is 14 times 8 50 degrees 
heavier than air, that is, 11900 times heavier. 
We. have ſeen 7 the. Torricellian experiment, 


that a column of quickſilver of 29 + inches is u- 


ſually a counterpoiſe to a column of air, having 
the ſame baſe and reaching to the top of the at- 


moſphere; if therefore the air be every where of 


the ſame denſity as it is here below, its altitude 
ought as many times to exceed the height of 29 + 
inches (which is the height of an equiponderant 
column of quickſilver) as its ſpecifick gravity 
falls ſhort of the ſpecifick gravity of quickſilver; 
that is, the height of the atmoſphere ought, up- 
on the ſuppoſition of an every where uniform 
denſity, to be 11900 times 29+ inches, or ſome- 
what above 5 + miles. 
But it may be eaſily proved that this ſuppoſi- 
tion does in no wiſe take place. For ſince every 
region of the air is compreſt by that part of the 
atmoſphere which is ſuperior to it, and ſince the 
higher parts have a leſſer weight incumbent upon 
them than the lower, and ſince the denſity of the 
air. is every where as the force which compreſſes 
it; it will follow of neceſſity that there is ſtill a 
greater rarity of the air as it is further diſtant 
trom the ſurface of the earth. How far the air 
may poſſibly admit of rarefaction and condenſa- 
tion, has not yet, that I know of, been determin- 
ed by any one. Mr. Boyle has obſerved that it 
may be ſo dilated as to become 10000 times rarer 
than it is in its natural ſtate. Dr. Halley ſays that 
he himſelf has ſeen air compreſſed fo'as to be 60 


times denſer than i it is as we commonly breath it; 
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118 The denſity and ſpring of air Lect. 


and Monſieur Papin relates that he was a witneſs 
that Monſieur Huygens did once in a glaſs veſſel 
compreſs air to the ſame degree before the glaſs 
was broken ; yet never could any experimenter 
dgtermine how much farther air might poſſibly 
reed or condenſed. However it is certain 
there are in nature ſome limits which cannot be 


exceeded. No condenſation can reach ſo far as 


to cauſe a penetration of parts; and if the rare- 
faction of the air be ſtill greater, as its diſtance 
from the ſurface of the earth increaſeth, its ſpring 
will at length be ſo weakened, that the force 
with which every particle of it endeavours to 
tend upwards, from the particles which are next 


below it, will be weaker than the force of its 
oven gravity which endeavours conſtantly to de- 
tain it. The rarefaction of the air muſt there- 


fore be bounded where theſe two oppoſite forces 


come to balance each other. 


Though this be certainly true that the air 
cannot poſſibly expand itſelf beyond a certain 
meaſure upon account of its gravity, yet ſince 
men have not hitherto been able to ſet any 
bounds to its utmoſt expanſion, it is equally 
certain, that we cannot poſſibly define the limits 
of the atmoſphere. For as the air may be more 


and more rarefied, ſo will the ſame quantity 


of it, which equals the weight of about 30 
inches of quickſilver, be contained in a greater 
ſpace, and thereby thoſe limits be ſo much the 
wider. nel ad BOL tte 
Notwithſtanding this ſeeming difficulty, we 


may ſtill collect how much the air is rarefied at 
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ix. it as the compreſſing force. 119 
any propoſed altitude from the ſurface of the 
earth, after the following manner. 

In Fi6. 39, let xaax repreſent a veſſel reaching 
from the ſurface of the earth ax to the top of the 
atmoſphere x; and let us imagine the fide ax 
divided into inches ab, bc, cd, &c. and let the 
lines &, cl, am, &c. be drawn parallel to az. It 
is evident that the air contained between 4+ and 
cl, is rarer than the air contained between a 
and 5E, the former having a leſſer column of air 
xclx incumbent upon it than the column xx, 
which preſſes upon the latter. Upon the ſame 
account the air between c/ and am is rarer than 
that between 4+ and c/, and that between dm 
and en rarer than that between c and am; and 
thus every ſuperior inch is rarer than that be- 
low it. e Fe 
Let us now ſuppoſe that every inch of air is 
in all parts of it of an equal denſity, or that the 
air ak is every where uniform, but denſer than 
the air 4/, which is alſo ſuppoſed to be every 
where uniform, but denſer than cm, and that to 
be uniform itſelf, but denſer than dr, and ſo on- 
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Again let us ſuppoſe that the air 4/ is reduced 
ta a leſſer ſpace 9, fo as to become equally denſe 
with the air at, which is done by making the 
ſpace 49 lefler than 4, in the ſame proportion that 
the air / is leſs denſe than the air a+; after the 
fame manner let the air cm be reduced to the 
ſpace cr, and the air du to the ſpace ds, and fo 
onwards, that thus every inch of air may be re- 
duced to the ſame conſiſtence with the air at, 
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Now it is evident from this conſtruction, that 
the ſpaces at, bg, cr, ds, &c. will every where be 


as the denſities reſpectively of the ſeveral inches 


of air, ak, bl, em, an; and it is alſo evident, that 
the quantity or weight of the air which reaches 


from any one of thoſe ſpaces up to the extremit 


of the atmo 22 will every where be as the 
ſum of all t ſpaces which are ſituated above 


the ſpace propoſed. Thus the quantity or the 


weight of air above the ſpace a, will be as the 


ſum of the ſpaces bg, cr, ds, et, jv, &c. and the 


quantity or weight of air above the ſpace cr, will 
be as the ſum of the ſpaces ds, et, fv, &. For 
the air being every where reduced to the ſame 
conſiſtence, the quantity or een of it will be 
as the ſpace it poſſeſſes. 

Theſe things being laid down I may now . 
out much difficulty proceed to eſtabliſh the con- 
cluſion 1 aim at, which is this; That if any 
number of diſtances from the ſurface of the earth 


be taken in an arithmetical progreſſion, the den- 


ſities of the air at thoſe diſtances will be in a 
geometrical progreſſion, 
For fince by the experiments ah * this 


day been made, it appears that the denſity of the 
air is always as the force which compreſſes it, we 


muſt conclude that the denſity of the-air at any 
diſtance from the ſurface of the earth, is as the 
quantity or weight of that part of the atmoſphere 
which is above it. Therefore in our ſcheme, the 


denſities of the air between a and 54, SE and cl, 
hand am, &c. are to each other refpeCtively as 
the quantities of air above ag, G, <<, &c, up to 


the 
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the extremity of the atmoſphere. But we faw be- 
fore that thoſe denſities were as the ſpaces ak, bq, 
cr, &c, reſpeQively, and thoſe quantities of air 
reaching to the extremity of the atmoſphere were 
as the ſpaces xt, xcyritux, xdI5tux re- 
ſpectively ; it follows then that the ſpaces ak, 5g, 
cr are to each other reſpectively as the ſpaces 
xbPBgqritux, xcyrstux, xddstux. FT 
Now the former ſpaces ak, bg, cr, are the differ- 
ences of the latter, and it is well known to thoſe 
who underſtand any thing of the nature of pro- 


portions, when any ſet of quantities are to each 


other reſpectively as their differences, that then 
as well the quantities themſelves, as their differ- 
ences, are ina geometrical progreſſion . 
The ſpaces at, bg, cr, are therefore in a geo- 
metrical progreſſion, as the diſtances ab, ac, ad are 
in an arithmetical progreſſion. And as the denſi- 
ties of the air belonging to theſe three firſt inches, 
are in a geometrical progreſſion, ſo do the den- 
ſities of the air belonging to every one of the 


other inches, which are ſuppoſed to be continued 


up to the extremity of the atmoſphere, decreaſe 


in the fame geometrical progreſſion, as any one 
without difficulty may collect by the fame way 


of reaſoning. _ | 
I have hitherto ſuppoſed for eaſe of conception, 
that the air is of the ſame denſity in every part of 


each inch of altitude ; nevertheleſs it is certain. 


that every the leaſt variation of altitude cauſes a 


() Suppoſe q: a—b::b:b—c::c:c—d:: Kc. then ; 


Fonverlely we have a:b;:6:c:;c:d::& 
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variation of denſity in the air. The concluſion 
however will not hereby be diſturbed; for if in- 
ſtead of dividing the altitude of the atmoſphere 
into inches as before, we conceive it now to be 
divided into its moſt indefinitely minute parts, 
applying to theſe what we have faid above con- 
- cerning the inches, we ſhall at length deduce the 
fame. geometrical progreſſion of denſities anſwer- 
ing to a like progreſſion of altitudes. 

Now becauſe the rarity of any body is reci- 
procally as its denſity, we may alſo conclude 
that, as the diſtances from the ſurface of the earth 
do increaſc in an arithmetical progreſſion, ſo do 
the different degrees of rarity of the air increaſe 
in a geometrical progreſſion. 

This property of the air was firſt, that I know 
of, obſerved by Dr. Halley, but becauſe his de- 
monſtration cannot be underſtood by thoſe who 
are unacquainted with the nature of the hyperbo- 
lick line, and Dr. Gregory in his demonſtration of 
the fame thing, which may be ſeen in the fifth 

book of his Aſtronomy, ſuppoſes his reader to be 
furniſhed with ſo much geometry as not to be ig- 
norant of the properties of the logarithmick line, 
I have endeavoured to make the thing intelligible 
by a method which may be eaſy even to thoſe 
who have never meddled with curvilinear figures. 

Let us fee now what help we have from this 
property, to determine how much the air is really 
rarched at any propoſed elevation from the ſur- 
face of the earth. 

Since the elevations are the terms of an arith- 
metical progreſſion as the rarities are the terms of 
| a 8 
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a geometrical, it follows that the elevation is every 
where proportionable to the logarithm of the ra- 
rity. If then by experiment we can poſſibly find 
the rarity of the air at any one elevation, we may 
by the rule of proportion find what is the rarity 
at any other propoſed elevation: by ſaying, as the 


elevation at which the experiment was made, is 


to the-elevation propoſed, fo is the logarithm of 
the air's rarity which was obſerved at the eleva- 
tion where the experiment was made, to the loga- 


rithm of the air's rarity at the elevation propoſed: . 


Thus I collected from the celebrated French 
experiment at the Puy de Domme, which 1 yẽſter- 
day gave you an account of, that at the altitude 
of 7 miles the air is ſomewhat above 4. times 
rarer than at the ſurface of the earth. By the 
fame method I collected from the experiment of 


Mr. Cafwell, made upon Snowden Hill, that at | 


the fame altitude of 7 miles the air is not altoge- 
ther ſo much as 4 times rarer than at the ſur. 
face; the difference on both ſides. was incon- 
ſiderable. We may take a mean therefore and 
ſay in a round number, that at the altitude of 7 
miles the air is about 4 times rarer than at the 
| ſurface of the earth. _ _ | 


Sir Iſaac Newton in his late additions to his 


Opticks, makes uſe of this very proportion %. 
what grounds he went upon is difficult to gueſs, 
however Iam ſatisfied of the concluſion from my 
own computation, Now from what has been al- 


| (3) In the laſt edition he makes it 4 times rarer at the 


height of 7+ miles, and 16 times rarer at 15 miles, and ſo 
on, but gives no reaſon for this alteration, 
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ready proved, that the rarity of the air is aug- 


mented in a geometrical, as the altitude is aug- 


mented in an arithmetical progreſſion, it follows 


that every ſeven miles added to the altitude, does 
always require a rarity of the air ſtill 4 times 
greater. Therefore at the altitude of 14 miles 
the air is 16 times rarer than at the ſurface, at 
the altitude of 21 miles it is 64 times rarer, at the 
altitude of 28 miles 2 56 times, at 35 miles 1024 


times, at 70 miles about a million of times, at 
140 miles a million of million of times, at 210 


miles a million of million of millions of times, 
if the air can poſſibly expand itſelf to ſo large 
dimenſions. 

Hence we may caſily g gather that the air at the 
altitude of 500 miles, if the atmoſphere can reach 
ſo far, muſt neceſſarily be there ſo much rarified, 
that if a globe of the air we breath in, of an inch 
diameter, were as much dilated, it. would poſſeſs 


a larger ſpace than the whole ſphere of Saturn. 


The ſemidiameter of the earth is nearly 4000 


miles, which is 8 times 500 miles; with good 


reaſon then might that excellent philoſopher I 
have lately been mentioning, tell us in his Prin- 
cipia, that the air at the altitude of a ſemidiameter 
of the earth, is at leaſt ſo wonderfully rarefied as 
I have deſcribed it to be at an altitude 8 times leſs. 

It appears from. the obſervations of aſtrono- 


mers of the duration of twilight, and of the mag- 


nitude of the terreſtrial ſnadow in lunar eclipſes, 


that the effect of the afmoſphere to reflect and in- 
tercept the light of the ſun, is ſenſible even to the 


altitude of between 40 and 50 miles. So far then 


we ma 7 be certain that the atmoſphere reaches, 


and 


4 
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and at that altitude we may collect, from what 
has been already ſaid, that the air is about ro000 
times rarer than at the ſurface of the earth. How 
much farther than this altitude of between 40 
and 50 miles the atmoſphere may be extended, 
I muſt' confeſs I am altogether ignorant, there 
being no data, that I know of, from which a 
greater altitude may indubitably be concluded. 

There has indeed been often ſeen in the atmo- 
ſphere ſome very luminous parts, even near the 
zenith about midnight, but I dare not conclude 
any thing from ſuch appearances. If I ſhould aſ- 
ſert, as ſome have done, that theſe luminous parts 
are nothing elſe but ſome terreſtrial exhalations 
floating in the air at a prodigious altitude, and 
thereby reflecting the light of the ſun, which they 
are expoſed to at that great height, to our eyes, 
it will be next to impoflible to give any tolerable 
account, how thoſe exhalations can be denſe 
enough to reflect ſo copious a light at that vaſt 
diſtance, and at the fame time be ſupported by a 
medium, I may fay almoſt infinitely rarer than 


the air we breath in. It ſeems more probable 


that theſe extraordinary lights proceed from ſome 
ſelf-ſhining ſubſtance or aerial phoſphorus. 
A ſurpriſing appearance of this kind'was ſeen 


here at Cambridge about 10 of clock at night, 


and at other very diſtant places, on the 2oth of 
March in the year 1706. It was a ſemicircle of 
light, of about two thirds of the ordinary breadth 


of the milky way, but much brighter. The top 


of it paſſed very near our zenith inclining about 
4 or 5 degrees to the north; it croſſed the hori- 

Zon at a very {mall diſtance from the. weſt to- 
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"xl 4 2 


wards the ſouth, and again about as far from the 


eaſt towards the north. It was moſt vivid and beſt 


defined about the weſtern horizon, and moſt faint 


about the zenith, where it firſt began to diſappear: 
there was at the ſame time an Aurora borealts, A 


friend of mine ſaw the ſame appearance in Lin- 
colnſhire, at the diſtance of about 70 miles north 
of Cambridge ; the ſemicircle ſeemed to him. to 
lie in the plane of the zquator. From theſe two 
obſervations compared together it is eaſy to col- 
Ie, that the matter from which that light pro- 
ceeded, was elevated above the earth's luriace be- 
tween. 40 and 5o miles. 

Having now finiſhed what I d deGgned to repre- 
ſent concerning the limits and different degrees of 
rarity of the atmoſphere at different altitudes, I 
might here conclude; but becauſe it may poſſibly 
be expected I ſhould add ſomething i in this place 
concerning the cauſe of the air's elaſticity, upon 
which theſe deductions were grounded, it may 
not be amiſs to declare here, that of all the ſeveral 
hypotheſes which have. hitherto been ſuggeſted 
for this purpoſe, that of Sir Jaac Newton ſeems 
to me to be the moſt probable. He has demon- 
ſtrated in his ſecond book of his Principia, that if 
the particles of the air be of ſuch a nature as to 
recede from each other with centrifugal forces 


reciprocally proportionable to their diſtances, 
they will compoſe an elaſtical fluid whoſe denſity 


will always be as. the force which compreſſes i it; 
and any one who reads the late additions to his 
Opticks will perceive that that hypotheſis i is not 
advanced Without reaſon, 
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The gelle 0 the. weight. and ſpring of tbe air in 


ſyringes, pumps, ſipbons, poliſhed plates, cupping- 
glaſſes, futtion, reſpiration, &c. 


1 HAVE hitherto been proving chat the air has 
weight, and conſequently preſſes upon all bo- 
dies to which it is contiguous. We have found 


that at the ſurface of the earth, the preſſure of 


any column of air is equivalent to the weight of 
a column of quickfilver having the ſame baſis 
and its altitude of about 293 inches; or to the 
weight of a column of water, having the ſame 


baſis and its altitude about 34 feet; that the 


reſſure is leſſened always as the elevation from 
the ſurface of the earth becomes greater; that 


the air has alſo an elaſtical power, by which it 


endeavours as far as is poſſible to expand itſelf; 


that this elaſtical power of the air is equal to the 


force which compreſſes it; that the ſpace it poſ- 
ſeſſes is always reciprocally as that force, and con- 
ſequently its denſity directly as the ſame; that the 
degrees of denſity of the atmoſphere are different 
at different altitudes, the air being till rarer as 
the altitude is greater; that the rarity of the air 
increaſes in a geometrical progreſſion as the alti- 


tudes increaſe in an arithmetical one, the air at 


every 7 miles of height being phage 4 times more 
rare than before. 


Let us now come to thoſe effects of the preſſure 
of this ſubtle fluid, whether cauſed by its weight 
or ſpring, which were formerly thought to pro- 
oed 
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128 Effefts of the air's Led 
ceed from that abhorrence which they ſay nature 
ever has of a vacuum. Amongſt theſe we may 
reckon the phenomena of ſyringes, pumps, 
fiphons, poliſhed plates, cupping-glaſles, ſuction, 
reſpiration and others of the like nature. Mr. 
Paſcal in his little French treatiſe concerning the 
gravity of the air, has given us a very good ac- 
count of theſe things. I ſhall therefore for the 
moſt part make uſe of his explications, fince it 
would be needleſs to go about to make new ones. 
His method is this, he firſt recites the principal 
effects which were wont to be aſcribed to a ug 
vacui, and afterwards ſhews that N gende 
from the preſſure of the air. 

Firſt then a pair of bellows whoſe vents are all 
well cloſed up, are difficult to be opened ; as we 
attempt to do it we perceive a reſiſtance as if the 
ſides were glued together. After the ſame man- 
ner the ſucker of a ſyringe, which is ſtopped at 
the bottom, reſiſts the force we apply to draw it 

out, as if it were ſome way faſtened to the bot- 
tom. It is pretended that this refiſtance proceeds 
from the abhorrence which nature has of a 
vacuum, which would happen in both caſes, if 
the fides of the bellows were disjoined, or the 
ſucker of the ſyringe drawn out. That opinion 
is confirmed by this, that the reſiſtance ceaſes as 
ſoon as the air is permitted to enter. 

| Secondly two poliſhed bodies applied together 
are difficult to be ſeparated and ſeem to adhere to 
each other. It is pretended that this adherence 
proceeds from the like abhorrence of a vacuum, 
which would happen during the time which the 

Ys air 
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air would take up in canting from the edges to 
the middle. 


Thirdly hon che pipe of a ſyringe i is immerſ.. 


ed in a veſſel of water, if you draw up the ſucker 


| the water will follow it and aſcend as if it did ad- 


here to it. Thus in a pump which is a longer 


ſyringe, the water aſcends and follows the ſucker, 


being raiſed up in the ſame manner. It is pretend- 
ed that this elevation of water proceeds from the 


endeavours of nature againſt a vacuum, which 


would happen in the ſpace deſerted by the ſuck- 
er, if the water ſhould not aſcend, fince the air 
is excluded; which is confirmed by this, that 
the water will no longer aſcend if the engine 
has any leaks ſo as to admit the air to come in. 
After the ſame mahner if you place the noſe of 
a pair of bellows under water, and open it ſud- 


5 denly, the water will aſcend to fill it, becauſe the 
air cannot, and the experiment will ſucceed the 


better if the bellows be entirely cloſed up. Thus 


placing your mouth under water and ſucking, 
you may attract the water for the ſame reaſon ; 


for the Jungs may be compared to a pair of bel- 
lows. Thus in reſpiration we draw in the air, 
juſt as a pair of bellows by being opened attracts 
the air to fill up its cavity. Thus if you place a 
lighted piece of paper in a glaſs, and ſuddenly in- 
vert it into a veſſel of water, as the flame de- 


creaſes ſo will you ſee the water aſcend into the 


glaſs; for the air in the glaſs being rarefied by 
the flame, when it afterwards comes to be con- 


denſed by the cold water, upon contracting its 
dimenſions it will draw up with it ſome of the 


water to fill the ſpace it has deſerted. Thus do 
= cupping 
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+, Capping glaſſes draw the; fleſh and cauſe a ſwell- 
ing; for the air in the cupping glaſs being rare- 
ſied by heat, when it comes again to be condenſ- 
ed after the flame is extinguiſhed, it draws.in 
the fleſn to fill up the ſpace. it has deſerted, as 
before it drew in the water. 

+ Fourthly if you fill a bottle with water, and 


invert the neck of it into a veſſel filled with 


other water, the water will remain ſuſpended in 
the bottle without falling out. It is pretended 
that this ſuſpenſion proceeds from a Fuga vacui; 
for there would neceſſarily be left a void ſpace 
if the water ſhould deſcend, ſince the air cannot 
come in to fill it up; which they confirm by 
this obſervation, that if the air be ſuffered to en- 
ter by ſome hole the water wil] eee, fall 
5 down. © 
Fifthly if a phon be filled with water and its 
"22k logs be immerſed into two different veſſels of 
Water, it will come to paſs, if one of the veſſels 
be higher than the other, that the water con- 
tained in the higher will aſcend to the top of the 
ſiphon, and then deſcend into the lower veſſel, fo 
that if you continually ſupply the higher veſſel 
with water, the flux will be perpetual. It is 
pretended that this elevation of water is to be 
.. aſcribed to the endeavours of nature to hinder a 
' vacuum, which would happen within the ſiphon, 
if the water contained in thoſe two legs ſhould 
deſcend each into its veſſel below; which ac- 
tually comes to paſs when the air can come in at 
the top of the ſiphon through ſome. hole. 
1, Many other effects there are of the like nature, 
| which have been omitted as bein 8 nearly the ome 
with 


— 


K ' weight and ſpring. 'T3T 
with thoſe already deſcribed ; in all of them there 
appears nothing more than this, that all contigu- 
ous bodies reſiſt any effort made to ſeparate them, 
when the air cannot ſucceed them ; whether that 
effort be their own proper weight, as in the ex- 
amples where water aſcends and remains ſuſpended 
notwithſtanding its weight; or whether it proceed 
from ſome force applied to diſunite them, as in 
_ the firſt example. Such effects as theſe have com- 

4 monly been aſcribed to a fuga vacui, let us now 
| ſee how they depend upon the preſſure of the air. 

_ To explain how the preſſure of the air is the 

_ cauſe of that difficulty we perceive in opening a 
pair of bellows, whilſt the air has no ingreſs, 
Mr. Paſcal puts his reader in'mind of what he 
had before been diſcourſing of, in his other treatiſe 
concerning the æquilibrium of liquors, that if a 

| Pair of bellows whoſe pipe is 20 feet long or more 
be placed in a deep veſſel filled with water, fo that 
the end of the pipe be above the ſurface of the 
water, it will be very difficult to be opened, and 

buy fo much the more as the altitude of the water 
above the ſides of the bellows is the greater; which 
proceeds manifeſtly from the weight of the ſupe- 
rior water. For before any water be poured into 
the veſſel, there is no difficulty in opening the bel- 

lows, but as more and more water is poured in, 
the refiſtance is continually augmented, and is al- 
ways equivalent to the weight of the water which 

is ſupported. For as no water can enter into the 
cavity of the bellows, the orifice of the pipe being 
above the ſurface, it is evident that the ſides can- 
not be disjoined without raiſing and ſuſtaining 
5 tle 5 6, ei 111! ee 
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132 Effects of the air's e Lea, 
the ſuperior maſs of water. Now no body can 
here ſay that this reſiſtance proceeds from a fuga 
vacui, fince the air has a free paſſage into the ca- 
vity by the orifice of the pipe which is above the 
water; it is abſolutely certain therefore, that it 
depends entirely upon the weight of the water. 

What has been here ſaid as to the weight of 
the water, may be applied to any other fluid; for 
if the bellows be placed in a veſſel filled with 
wine, there will be the like reſiſtance, and the 
ſame may be ſaid as to milk, oyl, quickſilver, or 
any other fluid whatever. It is then a general 
rule and a neceſſary effect of the gravitation of 
fluids, that if a pair of bellows be placed in any 
fluid whatever, ſo that the fluid have no acceſs to 
the cavity of the bellows, the weight of the ſu- 
perior parts of the fluid will cauſe a reſiſtance to 
the opening of the bellows. If therefore we ap- 
ply the general rule to the air in particular, we 


may fay that when a pair of bellows is fo ſtopt 


as to leave no ingreſs to the air, 'the weight of 
the ſuperior maſs of air will cauſe a reſiſtance in 
opening the bellows, which reſiſtance will ceaſe 
as ſoon as the air is permitted to enter. 

What has been faid as to this effect will hold 
good as to others, in which I may be the more 
ſuccinct, having enlarged already ſo much upon 
this. It has been already ſhewn in the former 
week that the preſſure of any fluid may produce 
effects analogous to thoſe of the ſyringe, pump, 
fiphon and poliſhed plates, and the application 
was at the ſame time made to the air; I need not 
here therefore inſiſt upon them any longer. That 

4 | e __ woulg 
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would alſo have been the proper place for this 
experiment of the bellows under water, could it 
as eaſily have been made as deſcribed. However 
the deſcription of it may ſerve at leaſt to illuſ- 
trate the concluſion upon whoſe account it was 
propoſed by its ingenious author. For it cannot 
but be evident to any one who is at all acquainted 
with hydroſtaticks, that the event muſt needs 
anſwer the defcription that has been given of it. 
The ſame thing alſo may be ſaid of the fol- 
lowing experiment or inſtance propoſed by the 
fame .perſon to illuſtrate the effect of cupping 
glaſſes. He ſuppoſes that a tube of about 20 feet 
in length open at both ends, has one end which 
enlarges itſelf like the mouth of a funnel, ap- 
plied to a man's thigh at a conſiderable depth 
under water, fo as to hinder the water from preſ- 
ſing upon that part alone of the thigh which is 
included within the orifice of the tube, to which 
the air nevertheleſs has a free acceſs by the other 
end of the tube which is above the ſarface of the 
water. In this caſe, fays he, it will come to 
paſs, that the part included within the lower 
orifice of the tube, will be conſiderably ſwelled 
out as if ſomething ſucked it in that place. Now 
it is plain that this ſwelling can by no means be 
ſaid to proceed from a fuga vacui, fince the tube 
is open to the air, and no ſuch thing would hap- 
pen if there were not any, or but very little, wa- 
ter to preſs upon the reſt of the body. It is 
therefore moſt certain that this effect depends 
purely upon the gravitation of the water; for 
whilſt it preſſes upon all other parts of the body 
excepting that alone which is covered by the tube, 
| 1 3 to 
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to which it has no acceſs, it forces the blood and 
other yielding parts to ariſe where there is not ſo 
great a preſſure, and thereby cauſes the ſwelling. 
What has been ſaid as to the preſſure of wa- 
ter will hold true as to the preſſure of any other 
fluid; and therefore the preſſure of the air may 
cauſe a like ſwelling, if it be greater upon the 
other parts of the body than upon that to which 
the cupping glaſs is applied, as it certainly is. 
For the air within the cupping glaſs being very 


much rarefied, and conſequently in part expelled 


by the heat, when it comes again to its uſual tem- 
per, its ſpring will be very much debilitated, and 
therefore it will preſs leſs foreibly againſt the 
part of the body under the glaſs, than the ex- 
ternal air upon the other parts of the body. 
I need not now uſe many words to explain 
how uit comes to paſs, when any one places his 
mouth under water and ſucks, that the water 
aſcends; for it is clear that the external air 
preſſes upon every part of the ſurface of the wa- 
ter, excepting that which is covered by the 
mouth; and hence it happens, that when the 
muſcles ſerving for reſpiration, elevate the ribs 
and enlarge the capacity of the cheſt, the air 
within haying a greater ſpace to fill than before, 
hath leſs force to hinder the entrance of the wa- 
ter into the mouth, than the external air has to 
promote that entrance. This alſo is the cauſe 
of the attraction or ſuction of any liguor by a 
tube, and it differs very little from the effect of 
the ſyringe. Thus a ſucking child at the breaſt 
of its nurſe, draws in its milk; the external air 
Pfeſſing the breaſts of the nurſe on all parts ex- 


_ cepting 
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cepting that which is ee by the child's 
mouth. Upon the ſame account in reſpiration 
the air enters into the lungs; for as the cheſt. is 
dilated, ſo is the external air forced in by the 

weight of the ſuperior part of the atmoſphere z 3 
which is ſo intelligible, ſo eaſy and natural, that 
one would wonder that philoſophers ſhould ever 


have had recourſe to a ſuga vacui, to occult qua- 


lab to cauſes ſo foreign and chimerical. 
Thus may all the other effects which were 
once aſcribed to a ſuga vacui, be ſhewed to de- 
pend upon the preſſure of the air, as cannot but 
be evident to thoſe who underſtand the princi- 
ples of hydroſtaticks, and are ſatisfied that the 
air is a gravitating fluid; which thing I hope I 


have already proved, and ſhall hereafter further 


confirm. But as the weight of the air is not in- 
finite, but limited by certain bounds, ſo are the 
effects depending thereupon alſo limited. Thus 
water cannot by a pump be raiſed to any propoſed 
altitude. We know that a column of water of 
about 34 feet in altitude, is commonly a counter- 
poiſe to the preſſure of the atmoſphere; that there- 
fore is the utmoſt height to which the air in its 
mean ſtate of gravity can elevate the water in a 
pump. If the air happens to be more than or- 
dinarily heavy, the water will aſcend ſomething 
higher, but ſcarce ever more than 36 feet. If 
the air be more than ordinarily light, the Water 
will not come up to 34 feet, nevertheleſs the 
air is ſeldom ſo light as not to be able to bear up 
Water ſo far as 32 feet. 


If the operation of the pump did depend upon 


: he fuga VCU 8 as it was commonly believed be- 
Kato 14 fore 
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136 Effect: of the airs Leect. 
fore Galilzo's time, then it would follow that wa- 
ter might be raiſed to any altitude how great ſo- 
ever; for why ſhould not nature have as great an 
averſion againſt a vacuum in one cafe as in ano- 


ther? And accordingly ſeveral who embraced that 


notion, have very confidently aſſerted, though they 


never made the experiment, that it might be raiſed 
ad libitum. But Galilæo obſerving that there was 
a certain ſtandard altitude, beyond which no wa- 
ter could be elevated by pumping, took an occa- 
ſion from thence to call in queſtion the doctrine 
of the ſchools concerning the fuiga, which began 
from that time to be very much ſuſpected, and in 
the room thereof he happily ſubſtitated the hy- 
potheſis of the air's preſſure and gravitation, It 
was to him indeed little better than an hypotheſis, 
fince it had not then thoſe confirmations from ex- 
periments which were afterwards found out by 
his ſcholar Torricellius and other ſucceeding phi- 
loſophers, particularly our excellent Mr. Boyle. 
What has been faid of pumps may be alſo ap- 
plied to ſiphons. It was formerly looked upon as 
unqueſtionable, that water might be conveyed 
over the higheſt mountains by the help of this in- 
ſtrument, if the place into which it was to be diſ- 
5 charged, were but lower than the place from whence 
it was derived. We are now certain of the contrary. 
by experiments made more than once: 34 feet is 
commonly the utmoſt height to which water can 
riſe as well in ſiphons as in pumps. In quickſilver 
the utmoſt altitude is leſs, being commonly about 
29 + inches, 29 + inches of quickſilver and 34 feet 
of water being a counterpoiſe to the preſſure of 
the atmoſphere, upon which thoſe effects Tl 
I wi 


1 weight and ſpring. 1 37 
Il will add but one inſtance more concerning 
poliſhed plates; as their coheſion depends upon 
the limited preſſure of the air, ſo is the force re- 
quiſite for their ſeparation alſo limited, and may 
be thus computed. Since the force requiſite for 
their ſeparation muſt be equal at leaſt to the force 
which. cauſes their coheſion, that is, to the preſ- 
ſure of the air, and the preſſure of the air upon 
any baſis is equal to the weight of a column of 
quickſilver having the ſame baſis and the altitude 
of about 29 inches, it follows that the force re- 
quiſite to ſeparate the plates, ought to be equal at 
leaſt to the weight of a cylinder of 295 inches al- 
titude, having the area of the plates for its baſis. 
By calculating upon thoſe grounds, I find that the 
force requiſite to ſeparate our larger marble plates, 
is equal to about one hundred weight and +; and 
the force requiſite to ſeparate the leſſer braſs | 
plates amounts nearly to 73 pounds weight; and 
this upon ſuppoſition that they are perfectly well 
poliſhed and fo fitted together that no air can in- 
tervene. But as they want of that perfection, ſo 
will a leſſer force be ſufficient to disjoin them. 


LECTURE XL of 

The phanomena of capillary tubes, glaſs planes, the 
figures of the ſurfaces of fluids and other things 
relating to the fame head, confidered. FOE 


W E are now upon a ſubject abounding with 

| difficulties, which has in vain been at- 
tempted by ſeveral modern philoſophers. Man 
hypotheſes they have invented to account for hel. | 


138 The phenomenaof Lect. 
odd appearances, which if thoroughly examined 
will be found to be but bare hypotheſes, and in 
many particulars inſufficient. It has been gene- 
rally believed, that the unequal preſſure of the air 
upon the liquor contained in the tube and that in 
the veſſel, is the cauſe of the aſcent in the tube. 
For if the preſſure upon the liquor in the tube be 
leſs than 9 upon the veſſel, the liquor ought to 
aſcend ſo far in — tube, that its own weight to- 
gether with the weaker effort of the air incum- 
bent upon it, be equal to the free and unreſtrained 
Sanention of the atmoſphere upon the veſſel. 
Though they have generally agreed in this, chat 
there is a leſſer preſſure of air upon the liquor in 
the tube than upon that contained in the veſſel, 
yet the cauſes they have aſſigned for that inequa- 
lity are very different. Some have had recourſe 
to the magnitude of the particles of the air and 
of the aſcending fluid. Others have believed, that 
only an inverted cone of air, touching the ſurface 
of the liquor in the tube with its vertex, and hav- 
ing the upper orifice of the tube for its baſis, 
could preſs upon the ſurface contiguous to its ver- 
tex. Dr. Hook ſuppoſes part of the preſſure of the 
air in the tube, to be taken off by its friction, 
. which he ſuppoſes muſt neceſſarily happen againſt 
the fides in ſo narrow a paſlage. Other conceits 
there are which I have omitted, being more con- 
cerned to find our, if I can, what is the truth, 
- than to enumerate the groundleſs fancies of thol 
who ſeem to me to have miſſed of it. 
Dr. Hook's hypotheſis has indeed the fatradliſhow 
3 of | ER 5 ee it has e wth" 
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with great applauſe. It may therefore be worth 
while to give an account of it, and to examine af - 
terwards whether it be ſuch as we may acquieſce 

in. That there is an inequality of preſſure he en- 

deavours to make out from hence, that there is a 
much greater incongruity of air to glaſs and ſome 
other bodies than there is of water to the ſame. 
By congruity he means a property of the fluid 
body, whereby any part of it is readily united with 
any other part, either of itſelf or of any ſimilar 
fluid or ſolid body; and by incongruity, a pro- 
perty by which bodies are hindered from uniting 
with any diſſimilar body. Thus, not to mention 
ſeveral chymical ſpirits and oyls, which will very 
hardly, if at all, be brought to mix with one 
another, if we obſerve the drops of rain fallin 
through the air, and the bubbles of air which are 
by any means conveyed under water, or a drop 
of ſallad-oyl ſwimming upon the water, we can- 
not be to ſeek for inſtances of the incongruity of 
fluids amongſt one another. And as for the con- 
gruity or incongruity of liquids with ſeveral 
kinds of firm bodies, they have long ſince been 
taken notice of and called by the names of dry- 
neſs and moiſture ; though theſe two names are 
not comprehenſive enough, being commonly uſed 
to ſignify only the adhering or not adhering of 

Water to ſolid bodies, Thus we may : obſerve 
that water will more readily wet ſome woods than 
others, that water let fall upon a feather, the 

.whiter fide of a colewort and ſome other leaves, 

or almoſt upon any duſty, unctuous or refinous 
ſurface, will not adhere but eaſily tumble off from 
them, like a ſolid bowl; whereas if dropt upon 
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linen, paper, clay, green wood, &c. it will not 
go off without leaving ſome part of itſelf behind. 
So quickſilver, which will very hardly be brought 
to ſtick to any vegetable, will readily adhere to 
and mingle with ſeveral clean metalline bodies. 
The cauſe which he propoſes of this congruity 
and incongruity of bodies is, that all fluids are in 
a ſort of vibrative motion, which he ſays is a ſort 
of pulſe or ſhake of heat, by which the parts of 
bodies being made looſe from one another, can 
cafily move any way and are thereupon fluid. If 
in a large diſh ſeveral kinds of ſands be mixed to- 
gether, we fhall find that by any vehement agi- 
tation, the fine ſand will eject and throw out of 


itſelf all the bigger bulks of ſmall ſtones and the 


like, which will be gathered together into one 
place; and if there be other bodies in it of other 
natures, they alſo will be ſeparated into a place 
by themſelves. In like manner he ſuppoſes the 
pulſe of heat to agitate the ſmall particles of mat- 
ter, and thoſe which are of the ſame bigneſs, fi- 
gure and texture will hold or dance together, and 
thoſe which are of a different kind will be thruſt 
out from between them by ſeveral variations of 
harmony and diſcord. And what has been ſaid as 
to fluids he ſuppoſes may be attributed to ſolid 
bodies, to which alſo he applies the like vibrative 
motion. This is his explication of congruity and 
Incongruity. FR 

If then we allow, as we eaſily may, that water 
is more congruous to glaſs than air is, it will fol- 
low that water may more eaſily be forced through 
the Narrow paſſage of a ſlender pipe than air. He 
illuſtrates 


* 
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illuſtrates the thing by the reſemblance of a round 


' ſpring, ſuch as an hoop: for as in a round ſpring 
ele. is required an additional preſſure againſt the 


two oppoſite ſides to reduce it into an oval form, 


or to force it in between the ſides of an hole whoſe 
diameter is leſs than that of the ſpring, ſo to alter 
the ſpherical conſtitution of the air included in 
the tube, ariſing from its incongruity to glaſs, 
there is required more preſſure againſt the op- 


poſite ſides to reduce it to an oval; and to preſs 


it into a hole leſs in diameter than itſelf, it re- 
quires a greater protruſion againſt all the other 
ſides, which he found alſo to be true by experi- 
ments. Therefore he concluded, that part of 


the preſſure of the atmoſphere being taken off 


and ſpent in protruding the air within the cavit 


of the ſlender tube, it has leſs force to reſiſt the 


aſcent of the water, which is impelled upwards 
by the whole force of the atmoſphere, preſſing 
upon the ſurface of the water in the veſſel into 
which the lower end of the tube is immerſed; and 
as a greater part of the preſſure of that column 


of the atmoſphere, which is incumbent over the 


upper orifice of the tube, is taken off in protrud- 
ing the air within the tube when it is ſlenderer, 
ſo 18 its reſiſtance to the aſcending liquor till leſs, 
and conſequently the aſcent is greater. 


This is Dr. Hook's account of the matter, 
which any one may more fully acquaint himſelf 


with, by reading the fixth obſervation of his ad- 


mirable Micrography. It appears at firſt view. 


to be very ſatisfactory, and accordingly it has not 
wanted its patrons; nevertheleſs I muſt here 
confeſs that I cannot by any means perſuade my- 
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* The phonomenaef Led. 
ſell to be of the ſame opinion. Amongſt many 
others, this is one great reaſon of my backward- 
neſs to embrace Dr. Hoo#'s hypotheſis, that 1 


have found by making the experiment, and ſeve- 
ral others have took notice of the ſame thin 


before me, that even under a receiver exhauſted 
of air by the air- pump, there is, as far as we can 


perceive, a like and equal aſcent of liquors in 


capillary tubes. Now if the difference of the 
preſſure of the air upon the liquor contained 
within the tube and upon that within the veſſel, 
into which the tube is immerſed, be the true cauſe 
of the aſcent, we muſt needs be at a loſs in ex- 
plaining how the ſame aſcent can poſſibly happen 


in vacuo, when there is no air to preſs either upon 


the liquor in the veſſel or that in the tube. 
It may perhaps be anſwered, that we can never 

by pumping perfectly evacuate the receiver of air, 
ſo that after all our endeavours there will ſtill a 
ſufficient quantity remain behind to produce the 
effect: let it then be conſidered whether that very 
ſmall quantity which remains behind, can poſſibly 
be ſaid to be ſufficient. It is reaſonable to con- 


clude, that as the quantity of air under the re- 


cCeiver is diminiſhed, fo are the preſſures of the 


air upon the liquor in the veſſel and upon that 
within the tube proportionably diminiſhed, and 
conſequently the difference of thoſe preſſures alſo. 


If then that difference be the cauſe, as is pre- 
tended, of the aſcent of the liquor in the tube, 
as that difference is diminiſhed by pumping, fo 
- ought the aſcent in like manner to be diminiſn- 
ed, which does not happen; therefore that dif- 
ference is not the cauſe of the aſcent, If - R 
DODITIC7Q . | aid, 
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| ſaid, contrary .to all reaſon, that the difference .of 
thoſe two preſſures is not diminiſhed. as the re- 
/eeiver is evacuated, I might eaſily prove, were it 
neceſſary, that even the whole preſſure of the air 
in the receiver upon the liquor in the. veſſel, is 
not able to bear up the liquor in the tube to the 
height it will aſcend to, if the bore be narrow, 
when the pump 1s ſufficiently worked: much 
leſs then can the exceſs of that whole preſſure 
upon the liquor in the veſſel above the preſſure 
upon the liquor within the tube, be ſaid to do ſo, 
unleſs the part can be proved to be greater than 
the whole. We have therefore good grounds from 
the abovementioned event of the experiment 
made in the evacuated receiver, of which you 
will hereafter be eye - witneſſes, to diſtruſt. that 
cauſe ariſing from the inequality of the air's 
PR = os thu nien Ns... 
It will follow therefore, that there is no ſuch 
inequality of preſſure as is pretended ; for if there 
were, then would the aſcent in the open free air 
be greater than in vacuo, the inequality of preſ- 
ſure co-operating in the open air with the cauſe 
of the aſcent in vacuo, whatever it be. 
But it may not be amiſs in this place to ſhew 
a priori alſo, that there is not that inequality of 
preſſure, notwithſtanding that there be required a 
conſiderable force to protrude the air contained in 
the tube. The preſſure of the incumbent part of 
the atmoſphere endeavours to force the included 
air downwards, and the preſſure of the elevated 
liquor does at the ſame time endeavour to force 
it upwards; now theſe two forces are in æquili- 
Brio, otherwiſe the included air would be more 
IM | 2 protruded 
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protruded downwards or more men till that 
equilibrium were gained. We muſt therefore ne- 
ceſſarily conclude that the preſſure of the elevated 
liquor upwards, is equivalent to the whole weight 
of the incumbent part of the atmoſphere. There- 
fore it is preſſed downwards, by the air which is 
contiguous to it, with a force equivalent to the 


weight of the incumbent part of the atmoſphere; 


for were it kept down by a leſs force than that 
with which it endeavours to aſcend, it would aſ- 
cend further. Every equal part of the ſurface of 
the liquor. i in the veſſel below, is alſo preſſed 
downwards by the ſame whole weight of the in- 


cumbent part of the atmoſphere. The liquor 


contained in the tube is therefore expoſed to an 


equal prefſure with that which 1s contained in 


the veſſel ; that fancied inequality cannot there- 
fore take place. I have proved both a Poſteriori 
and alſo a priori, that the inequality of the air's 
preſſure is not the cauſe of the aſcent of liquors 
in capillary tubes. 

I may add further that the difficulty of pro- 
truding the air through the narrow paſlage of the 
tube, is fo far from being the cauſe of the liquor's 
aſcent, that it would rather hinder that effe& than 
promote it. Dr. Hook indeed from thence might 
with ſome probability: have given -an account 
why an elevated liquor ſhould not be depreſſed, 


but the' ſpontaneous aſcent of liquors does ma- 
nifeſtly contradict his opinion, ſince the difficulty 


the air has to paſs upwards along the tube, when 
urged by the aſcending liquor, ought more to re- 
fiſt its aſcent than the free and unreſtrained preſ- 


ſure of the atmoſphere in a tube much larger. 


Whether 


W capillary tubes, &c. 148. 


Whether his hypotheſis concerning the con- 


gruity and incongruity of bodies, be ſuch as we 
may ſurely admit of, I will not ſtay here to ex- 
amine. I é confeſs I ſee not any neceſſity of ſup- 


poſing the particles of fluids or firm bodies to be 


perpetually either in a vibrative or any other mo- 


tion. It may ſo happen, that by accidental mo- 


tions of the air or other contiguous bodies, the 


parts of fluids may ſeldom be at reſt; but that 


a perpetual inteſtine motion is eſſential to fluids, 
is what has not yet, that I know of, been demon- 


ſtrated, though ſome have attempted it. 


I have hitherto been only proving what is not 
the cauſe of the effects we have been conſidering. 
Let us now try whether we can find out what is 


the true cauſe. It is a common. obſervation, that 
a drop of water of a certain determinate magni- 
tude, will firmly adhere to the ſurface of glaſs and 


of other bodies, and even hang pendulous to it, 
though the ſurface be placed downwards, not- 
withſtanding the weight of the drop which en-, 
deavours to disjoin it. Since then that endeayour 


is rendered fome way or other ineffectual, we 
need not ſcruple to aſcribe a mutual attraction to 
the glaſs and water: it is evident that congruity 
alone, in Dr. Hook's ſenſe, is not ſufficient to 
hinder the drop from falling by the force of its. 
own weight; there is ſomething more required 
than a bare congruity to overcome that force. 

What I call attraction, any one if he thinks fit 


may give another name to; I mean no more by 


attraction than ſome power in nature, from what 
cauſes ſoever it proceeds, by which bodies do en- 


deavour 
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146 _ The phanomena of Led. 
| deayour to be united to one another. This adhe- 
ſion of the drop to the ſurface of the glaſs and 
other bodies, has commonly been aſcribed to the 
preſſure of the air. We have ſeen that this preſ- 
ſure is able to keep well-poliſhed plates united, 
notwithſtanding a conſiderable force was uſed to 
ſeparate them; but then the air muſt be excluded 
from between the ſurfaces. Now a drop or glo- 
bule of water will be attracted to a plate of glaſs, 
which touches its upper part; notwithſtanding the 
intervention of the air immediately before the at- 
traction; which ſhews that the caſe is different 
from that of poliſhed plates. We may alſo ſatisfy 
ourſelves that this adheſion does not proceed from 
the preſſure of the air, by the air-pump, fince the 
ſame will happen under an exhauſted receiver. 
Certain it is, whatever be the cauſe of it, which 
J pretend not to determine, that there is ſuch an 
attraction between water and other liquors to 
glaſs and ſeveral other bodies. And as there are 
attractions between ſeveral particular bodies, ſo 
we may obſerve. others mutually to repel each 
other. Thus do the particles of air ſeem to fly 
aſunder with forces reciprocally proportionable to 
their diſtances, and thereby compoſe an elaſtical 
fluid, whoſe denſity is as the force which com- 
preſſes it. After the ſame manner it is very pro- 
bable that air endeavours to recede from ſeveral 
denſe bodies. Thus alſo do ſeveral other, as well 
ſolid as fluid bodies, ſeem to repel each other, and 
this is what Dr. Hook took notice of in many bo- 
dies which he therefore calls incongruous. In- 
ſtances enough of this kind may be ſeen in — 
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laſt query at the end of the laſt edition of Sir 
Taac Newton's Opticks, which I forbear to tran- 
ſcribe. Whoever will read thoſe few' pages of 
that excellent book, may find there, in my opi- 
nion, more ſolid foundations for the advancement 
of natural philoſophy, than in all the volumes that 
have hitherto been publiſhed upon that ſubject. 
But, to proceed with our drop of water, we 
may obſerve that the force of the attraction I 
have been ſpeaking of, is of a certain determinate 
quantity. If the drop be too big, it will fall off, 
the force of its own weight being greater to ſe⸗ 
parate it, than the force of attraction to hinder 
that ſeparation. As the part of the ſurface of the 
glaſs, to which the drop is contiguous, is larger, 
ſo will it bear up a greater drop; a larger ſurface 
having proportionably a greater attraction. 
It is eaſy to apply what has been faid concern- 
ing a plane- ſurface, to the inner concaye ſurface 
of a narrow cylindrical tube. It cannot but be 
evident, that this ought, as well as the other, to 
attract and hold up a certain weight of water 
within the tube. The attracting ſurface does in 
this caſe every way ſurround the drop, and by 
that means has a much greater advantage to bear 
it up, than if it were a plane, and could thereby 
touch it only in one of its ſides. Now as the 
diameter of the tube becomes leſſer, ſo is this ad- 
vantage till increaſed ; for it is well known that 
the ſarfaces of cylinders bear a greater proportion 
to their capacities, as their diameters are more 
and more diminiſhed, the ſurfaces decreaſing on- 
ly in the fame Proporticn vic He, Hameters, 
K 2 an 
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143 The phenomena of Led. 
and their capacities decreaſing in a proportion 
which is duplicate of that of the diameters. 
Hence it comes to paſs that the water can be 


| held up at a greater altitude as the tube is nar- 


rower, which is the thing we were chiefly con- 
cerned to account for. . 5 
It is plain from theſe principles, that the event 
ought to be the ſame in vacuo and in the open 
air ; that the ſame quantity of liquor ought to be 
ſuſpended in the tube when taken out of the veſ- 
ſel, as was before elevated above the ſurface of the 
liquor contained in the veſſel; that, if when the 
tube is taken out of the veſſel, a piece of glaſs be 
applied to its under orifice, ſo as to touch the 
ſuſpended liquor, by attraction it will cauſe it to 
deſcend out of the tube. The experiments of 
capillary ſiphons are explicable upon the ſame 
rounds. The liquor aſcends to the top of the 
eure by the attraction IJ have been ſpeaking of, 
and then by its own weight it deſcends along the 
other leg. It would be tedious to inſtance in more 
particulars; the application of what has been ſaid 
to other caſes, is ſo eaſy that no body can miſs of it. 
The reaſon of the different figures of the ſur- 
faces of fluids, is very obvious and depends upon 
the ſame principles. Water forms itſelf into a 
concave, the ſuperficial parts of it, which are near 
the ſides of the tube, being attracted upwards to 
the glaſs. Quickſilver forms itſelf into a convex, 
being repelled from the glaſs (a), which repulſion 
is 
(a) This repulſion is not real but only apparent and rela- 
tive, For Dr. Jurin has plainly ſhewn, that glaſs attracts oy 
N a | | partic S8 
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is alſo the cauſe why it does not, as water, aſ- 
cend above the level in capillary glaſs- tubes, but 
on the contrary remains below it. If two liquors 
be placed in the ſame tube contiguous to each 
other, and both be equally attracted to the ſides 
of the tube, their common ſurface will be a plane. 
If one be ſomewhat more attracted than the 
other, that which is moſt attracted will have a 
concave ſurface, and the other which is leſs at- 

tracted, muſt of conſequence have a convex, the 
ſurfaces of the two liquors being contiguous; 
and thus a liquor whoſe ſurface is concave when 
expoſed to the air, may have that ſurface changed 
into a convex, by the contact of another liquor 
which is more powerfully attracted to the ſides 
of the containing veſſel than itſelf. 

It is not difficult to underſtand that the experi- 
ments we made concerning the motions of float- 
ing bodies are deducible from the like cauſes. If 
any one would be more particularly informed. a- 
bout this matter, he may conſult Mr. Marriette's 
Traitè du mouvement des eaux, or the fourth vo- 
lume of Du Hamel's Burgundian philoſophy. 

From what has been ſaid concerning the aſcent 
of liquors in capillary tubes, we may eaſily un- 
derſtand how filtrations of all ſorts are perform- 

ed. If a tube be filled with ſand or fitted aſhes 
well preſſed together, and one end of it be placed 
in a veſſel of water, the water will be attracted 
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particles of quickſilver, but not t fo ſtrongly as they attract - 
one another; and upon this principle has clearly explained 
the phznomena of quickſilver in capillary tubes and between 
1 * planes. Phil. Tranſ. Ne. 363. 
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150 De air-pump Leck. 
by the ſand or aſhes, and riſe to a great height 
above the level of that within the veſſel. Thus 
jf any part of a piece of cap- paper, or a ſpunge, 
or a piece of bread or ſugar, or of linnen, or of 
ſeveral other ſubſtances, be wetted, the moiſture 
will be propagated to the other parts by the 

ower of attraction. | | 7 
This is the cauſe of the aſcent of ſpirit of wine, 
oy], melted tallow and other unctuous bodies, 
into the wick of a lamp or candle. It is very 


reaſonable to believe that this is alſo the cauſe of 
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the aſcent of the ſap in trees, and of the various 
ſecretions of fluids through the glands of ani- 
mals, and of ſeveral other effects in nature, 
which any thinking perſon cannot miſs of. 


LECTURE XI. 


The air-pump and inſtruments for condenſing and 
transferring air ; their fabrick, operation and 
gages explained. = br 
AVING in the firſt week of this courſe by 
1 1 ſeveral deductions and concluſions from 
experiments, which we thought to be the moſt 
pertinent, endeayoured to eſtabliſh the true and 
genuine principles of hydroſtaticks, and to de- 
monſtrate the moſt fundamental properties of 
fluid bodies in general, we proceeded in the ſe- 
_ cond week to a more particular conſideration of 
the air; a fluid contrived by the wiſe Author of 
nature for ſo many various, admirable and ex- 
gcllent ends and purpoſes, and manifeſtly fitted 
| | to 


xii. and condenſer explained. 151 
to have ſo univerſal and uſeful an influence upon 
the whole ſyſtem of bodies we are particularly 
concerned with, that it very much deſerves our 
utmoſt diligence and moſt carefu] examination. 
It has been already proved, I think beyond any 
reaſonable contradiction, that this ſubtle element 
is by no means privileged or exempted from that 
catholick law of gravitation, to which (as far as 
appears from obſervations that have hitherto been 
made by inquiſitive philoſophers) all matter is 
alike and equally ſubject, of what form or texture 
ſoever it be; and it is upon the account of this 
its ponderoufneſs and its fluidity that it is quali- 
fed to exhibit all the various appearances of other 
fluid and heavy bodies, as has been made mani- 
feſt in ſeveral inſtances, when we compared the 
remarkable phznomena of the Torricellian tube, 


of pumps, ſyringes, ſiphons, poliſhed plates and 


ſome other effects of the like nature, with the 
more common and obvious, and therefore leſs 
ſurpriſing, effects of groſſer and more ſenſible 
fluids, ſuch as water and quickſilver. 

We have found moreover that the air is en- 


dowed with a very conſiderable power of elaſticity 


or ſpringineſs, by which it perpetually endeavours 


to expand itſelf into larger dimenſions, and to re- 
move the obſtacles, whatever they be, which con- 
fine it to the bounds in which it happens at any 
time to be contained. We have ſeen alſo that it 
exerts this power the more forcibly as it is the 

more cloſely impriſoned and crowded together; 
and, as if it were deſirous of its liberty in the ſame 
meeaſure in which it wants it, experience has * 
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152 be air pump Led. 
ed us that the force it employs to regain its free- 
dom, I mean its elaſticity, is ever proportionable 
to its coarctation or denſity. Fr 
From hence we. deduced a method of deter- 
mining its rarefactions in the ſeveral regions a- 
bove the ſurface of the earth. Vou may remem- 
ber it was proved that as its altitude increaſed by 
equal intervals or in an arithmetical progreſſion, 
ſo the degrees of rarity were augmented in a geo- 
metrical progreſſion. Theſe affections of the air 
and ſome others, which I need not now recall to 
your memory, have been already made out in the 
preceding week. But the proofs we made uſe 
of, though they are very well fitted to ſatisfy and 
convince thoſe who are able to give them an at- 
tentive and impartial conſideration, yet are they 
of ſuch a nature as to afford ſome little ſcope for 
the petty cavils and exceptions of ſome philoſo- 
phers, whoſe former prejudices had made it ſeem 
their intereſt to oppoſe them; and being rather 
the remote deductions of reaſon than the imme- 
diate impreſſions of ſenſe, they may have, upon 
that ſcore, the leſs weight and moment to deter- 
mine the aſſent of men whe are not much accuſ- 
tomed to abſtracted ſpeculations, but are gene- 
rally to be wrought upon and convinced by mo- 
tives of a more ſenſible kind, and leſs different 
from the vulgar apprehenſions they frame to 
themſelves of the natural appearances of things. 
We ſhall now proceed in the remaining part 
of our courſe to another ſet of tryals, which will 
not be ſo liable to the abovementioned objection. 
Theſe carrying a more ſenſible evidence along 
with 


xii. and condenſer explained. 153 
with them, are for the moſt part, ſufficient of 
_ themſelves to procure our aſſent and intire con- 
viction without any further reinforcements, or the 
aſſiſtance of remote inferences to bring them home 
to our underſtanding. For which reaſon, that I 
may not give you or myſelf any unneceſſary 
trouble, or miſpend our time to no uſeful pur- 
poſe, I ſhall endeavour to avoid all needleſs pro- 
lixity in my future lectures, and ſhall oftentimes 
alſo omit to read any, when either the matter has 
already been formerly treated of, or is of itſelf fo 
evident as not to require any further illuſtration, 
or laſtly, which I confeſs will ſometimes happen, 
is of ſo difficult a nature that I cannot pretend to 
fatisfy myſelf as to the true cauſes of ſuch ſur- 
prifing appearances ; and I am not willing to go 
about to amuſe you with conjectures and ſeeming 
probabilities or plauſibly contrived hypotheſes. 
It is not long ago fince this method was very 
much in vogue, but we have ſeen it of late give 
way to a ſounder and ſurer manner of philoſo- 
phizing. It is no very difficult matter for inge- 
nious men, who have ſufficient leiſure, to frame 
to themſelves ſuch principles of nature as may 
ſerve to explain any particular appearance what- 
ſoever. But then the theories which are thus ad- 
vanced, ought to be looked upon only as philoſo- 
Phical romances, and the witty fictions of in- 
ventive brains, unleſs the truth of thoſe principles 
and their real exiſtence can be demonſtrated, and 
put beyond diſpute by proper experiments. 
Where this cannot eaſily be done, it is the ſafeſt 
way, if we are deſirous to be free from error and 
os e prejudice, 
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154 The air-pump Léect. 
prejudice, to wait till ſome further light may be 
afforded us by future obſervations. The mind of 
man indeed is naturally deſirous of ſomething to 
_ reſt upon, ſomething in which it may acquieſce 
and on which it may terminate its view; it is a 
| fort of pain to it to be held long in ſuſpence, and 
therefore we are willing to take up with any fair 
ſhew of an hypothefis, rather than continue, as 
we are apt to imagine, 1n a greater degree of un- 
certainty. But we ought to conſider (beſides that 
theſe haſty and ill-grounded concluſions argue a 
certain weakneſs and levity in us) that by thus 
greedily catching at theſhadow we commonly loſe 
the ſubſtance; nothing being ſo great an obſtacle 
to the reception of truth, when it comes to be 
propoſed, as theſe darling phantoms which uſe 
and cuſtom does at length perſuade us to be re- 
alities. Thus from the time that the philoſophy 
of Des Cartes firſt appeared, the exiſtence of his 
materia ſubtilis has been looked upon as a thing 
not to be queſtioned ; the celebrated feats and 
wonderful operations of it, have in a manner in- 
toxicated the minds of men, and poſſeſſed them 
with a fort of madneſs; inſomuch that any at- 
tempts which have been made againf it, have 
been thought to be of the moſt dangerous conſe- 
quence, as tending to ſubvert the very foundations 
of all ſcience. Even Hugenius himſelf, that great 
maſter of reaſoning, as upon other occaſions he 
has ſhewed himſelf to be, was drawn aſide from 
_ purſuing better things, by the fondneſs he had 
entertained for this principle; which by a fort 
of legerdemain could ſo eaſily be applied to the 
Fete ſolution 
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ſolution of the moſt intricate and perplexing diffi- 
culties of nature. One might reaſonably have 
expected that this great man, who appears to 
have been of a very candid and ingenuous temper, 
after he had ſeen and conſidered the incomparable 
Principia of Sir Iſaac Newton, and in particular 
the application of them, in accounting for the 
| heavenly motions to ſuch a wonderful degree of 
exactneſs; and fo full and clear a demonſtration 
of the inſufficiency of the Carteſian vortices; one 
might have expected, I fay, that after this fur- 
ther information, he would not have been averſe 
to have altered his ſentiments. Notwithſtanding 
this, though he expreſſes an extraordinary plea- 
ſure and ſatisfaction upon the reading of that 
admirable book (which he ſays he looks upon as 
a ſurpriſing inſtance of the great ſtrength and 
capacity to which it is poſſible for the mind of 
man to arrive) yet we ſee he could not willingly 
change his own principles for others; and it was 
impoſſible. for him to forſake an hypotheſis 
which he had himſelf very much cultivated, and 
was ſo long accuſtomed to. So great is the force 
.of prejudice that an ill-grounded opinion ſhall 
often prevail, by long preſcription, to obſtruct 
the evidence of a well-demonſtrated certainty. 
For my part I think it more adviſeable to profeſs 
our ignorance where the truth is not yet diſcover- 
ed, than to pretend a knowledge which may for 
ever hinder us from attaining it. _ 1 


But to come more immediately to the buſineſs 


of this day, the inſtruments under our preſent 
conſideration, which we ſhall chiefly employ in 
the remaining part of our courſe, are theair-pump 
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156 The air- pump Lect. 
and condenſer. By theſe we are aſſiſted to make 


a great variety of tryals, concerning the influence 
and operation of the air under its moſt different 
conſtitutions, from a very great degree of denſity 
to an almoſt infinite rarefaction. 

The condenſer is an inſtrument whoſe i inven- 
tion is ſo very obvious, that it was impoſſible it 
ſhould eſcape the curioſity of former ages. It has 
been ſo very long in uſe that I cannot e to 
aſſign its origin. 

The air- pump was firſt, that I know _ con- 
trived and brought into uſe by Oro Guericke con- 
ſul of Magdeburg, ſome time before the year 
1654 ; for then it ſeems this ingenious gentle- 
man, being employed in a publick negotiation at 
Ratiſbon, had an occaſion offered him of ſhew- 
ing his engine to the Emperor and ſome other 
Princes there preſent ; ; among whom the Elector 
and Archbiſhop of Mentz was particularly de- 
lighted with the contrivance of the inſtrument, 
and the curious experiments exhibited by it; in- 
ſomuch that he became very deſirous of having 
ſuch another machine made for his own uſe. 
But this could not eaſily be effected by reaſon of 
the ſhort ſtay they had to make at Ratiſbon, and 
for want of ſkilful workmen. However he pre- 
vailed with the inventor to part with his own 
apparatus, and at his return carried it home with 
him to Wurtzburgh. Here it was that the learn- 
ed and diligent Jeſuit father Schottus, being then 
profeſſor ot the mathematicks in that univerſity, 

bad firſt the ſight of it, together with ſome other 
curious and learned perſons. The archbiſhop 
was pleaſed POINT: to give them an account > 
"8 © 
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the engine, and a relation of the experiments he 
had ſeen the inventor perform at Ratiſbon. Theſe 
they tried over ſeveral times in his preſence, and 
it was not long before they themſelves alſo made 
ſeveral other new ones of the like nature. 

The fame of theſe firſt eſſays was quickly 
fpread abroad by the large correſpondence which 
Schottus held with learned men in moſt parts of 
Europe, but more particularly in the year 16 4 

When he publiſhed his Mechanica Hydraulico- 
Pneumatica ; to which as an appendix he added 
a diſtin& and full account of theſe Magdeburgick 
experiments as he called them. In the year 1664. 
he publiſhed his Techuica curigſa, and gave a fur- 
ther relation of other new experiments which 
had been made fince the printing of his former 
book. After this the famous inventor himſelf 
Otto Guericke, in the year 1672, was pleaſed to 
give a moſt perfect narrative of his own tryals, in 
his book which he calls Experimenta nova Mag- 
deburgica de vacuo fpatio. They who are curious 
to underſtand the particular fabrick of theſe firſt 
engines, and to obſerve the gradual improve- 
ments which have been made in theſe matters 
abroad, may receive full ſatisfaction by conſult- 
ing the books I have been mentioning. 

But it 1s time now that I return to our own 
countryman, the excellent Mr. Boyle, whom I 
fear I ſhall be thought to have injured by aſcrib- 
ing theſe firſt inventions to a foreigner. The air- 
pump indeed is fo generally known by the name 
of the Machina Boyliana, and the void ſpace pro- 

duced by it is ſo commonly called the vacuum 

Boyhanum, 
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158 The .gir-pump Lea. 
Baylianum, that many are thereby perſuaded to 
believe, they owe their original contrivance to 
this Engliſh philoſopher. For my part I ſhould 
rather chuſe to give another reaſon for theſe ap- 
pellations, by ſaying that the engine and void 
75 — do very juſtly bear the name of Mr. Boyle, 
1 


| fince whoever might happen to be the inventor of 
them, his certainly was the more excellent part, 


to have firſt applied them to ſuch admirable and 
uſeful purpoſes : it being confeſſed on all hands 
that the glory of the Engliſh experiments, has in 
a manner totally obſcured. that of the Magde- 
burgick. £7 | 

As to the contrivance of the inſtrument, he 
does himſelf ingenuouſly confeſs that it was not 


his own, in his letter written, two years after 
Schottus's firſt book was publiſhed, to the Lord 
| Dungarvan, his nephew, who was then at Paris; 
in which letter are the following words, which 


I think not amiſs to be repeated to you, that you 
may the better underſtand the occaſion and man- 
ner of his firſt attempts upon this ſubject. I 
« ſhould immediately proceed, ſays he, to the 
© mention of my experiments, but that I like 
« too well the worthy ſaying of the natural- 


* iſt Pliny, Benignum eff & plenum ingenui pudaris, 


& fatert per ques profeceris, not to conform to it, 


wp 0 acquainting your Lordſhip, in the firſt 


5 place, with the hint I had of the engine I am 
* to entertain you with. You may be pleaſed 


* to remember, that a while before our ſeparation 


* in England, I told you of a book that I had 
heard of, but not peruſed, publiſhed by the in- 


* duſtrious 


— y- n 


pump, as ſomebody not improperly calls it, is 
< ſo contrived, that to evacuate the veſſel there 
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« duſtrious Jeſuit Schottus, wherein it was ſaid, 


ec he related how that ingenious gentleman Otto 
& Guericke, conſul of Magdeburg, had lately 
«© practiſed in Germany, a way of emptying glaſs 


« veſſels, by ſucking out the air at the mouth of 


ce the veſſel plunged under water. And you may 
«* alſo remember, that I exprefled myſelf much 
ce delighted with this experiment, ſince thereby 
te the great force of the external air, either ruſh- 
« ing in at the opened orifice of the emptied 
< veſſel, or violently forcing up the water into it, 


. * was rendered more obvious and conſpicuous 


than in any experiment that I had formerly 
„ ſeen. And though it may appear from ſome 
«« of thoſe writings I ſometimes ſhewed your lord- 
“ ſhip, that I had been ſolicitous to try things 
* upon'the ſame grounds, yet in regard this gen- 
ce tleman was beforehand with me in producing 
« ſuch conſiderable effects, by means of the ex- 


« ſuction of air, I think myſelf obliged to ac- 


* knowledge the aſſiſtance and encouragement, 
* which the report of his performance hath af- 
* forded me. But as few inventions happen to 
te be at firſt ſo compleat, as not to be either 
e blemiſhed with ſome deficiencies needful to be 
* remedied, or otherwiſe capable of improve- 
ment, ſo when the engine we have been ſpeak- 
< ing of, comes to be more attentively conſider- 
* ed, there will appear two very conſiderable 
things to be deſired in it. For firſt the wind- 


* 15 required the continual labour of two ſtrong 
| © mea 
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« men for divers hours. And next, which is an 
5 imperfection of much greater moment, the 
« receiver, or glaſs to be emptied, conſiſting of 
< one entire and uninterrupted globe and neck 
of glaſs, the whole engine is fo made, that 
* things cannot be conveyed into it, whereon to 
* try experiments: ſo that there ſeems but little, 
e if any thing, more to be expected from it, than 
« thoſe very few phænomena that have been al- 
* ready obſerved by the author and recorded by 
& Schottus. Wherefore to remedy theſe inconve- 
4c niencies, I put both Mr. Gratorix and Mr. 
« Hook to contrive ſome air-pump that might 
* not, like the other, need to be kept under wa- 
* ter, and might more eaſily be managed. And 
c after an unſucceſsful tryal or two of ways pro- 
* poſed by others, Mr. Hook fitted me with a 
* pump anon to be deſcribed.” 

This air-pump of Dr. Hoo#'s contrivance was, 
it ſeems, the firſt that Mr. Boyle made uſe of. It 
was indeed more perfect than that deſcribed by 
Schottus in his Mechanica Hydraulico-Pneumatica, 
yet ſtill it laboured with ſeveral imperfections, 
and was not ſo commodious in many reſpects as 
might be deſired; particularly it was furniſhed but 
with one ſingle receiver, always fixed to the body 


of the engine; which therefore it was requiſite 


ſhould be very capacious to be fitted for all man- 
ner of tryals. Now this great capacity of the re- 


cCeiver made it neceſſary to employ a conſiderable 
time for its exhauſtion; but this was an inconve - 


nience which could not eaſily be diſpenſed with 
in many experiments that — a ſpeedy eva- 
cuation; 
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cuation; and moreover a variety in the form of 
the receivers to be made uſe of, would better ſuit 


with the variety of the ſubjects which were to be 


_ enquired: into. Hence 1 ſuppoſe it was, that 
after he had made his firſt experiments with this 
engine, and had publiſhed them in the form of a 
letter to his nephew, under the title of Phyfico- 
Mechanical experiments touching the ſpring of the 
air and its effets, he thought it requifite to make 
an alteration and improvement of his inſtrument 
before he proceeded to a further proſecution of 
wes oo: . 
I he deſcription of this ſecond air- pump of Mr. 
Boyle, may be ſeen in the firſt Continuation of his 
Phyſico-Mechanical Experiments. It conſiſted, 


as the former, only of one ſingle barrel, by which 


the receiver was evacuated ; but this barrel was 


now contrived to be every way ſurrounded with 


water, the better to prevent any poſſible regreſs 


of the air. The receivers, which were now of fe. 


* 


veral ſhapes and bigneſſes, were cloſed to an iron 
plate, upon which they were placed by the means 
of a ſoft cement, and ſo they could be eafily re- 
moved and changed as occafion required. He had 
not, it ſeems, as yet thought of that eafier expe- 
dient of fixing them to the table on which they 
ſtood, by the interpoſition of a wet leather. 
The experiments related in the ſecond Conti- 
nuation of ' this Honourable Author, were made 
with an engine different from the two former. It 
was the contrivance of Mr. Papm, whoſe affiſt- 


ance Mr. Boyle did alſo make uſe of in the tryals 


themſelves. This third air- pump was much 
more covenient than the former, and the advan- 
a 2 3 uge 
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tage lay chiefly. in theſe two particulars. . Firſt, 


whereas the former engines had only one ſingle 


barrel and one ſucker or embolus, this was fur- 
niſhed with two barrels and two ſuckers, and 


theſe two ſuckers being alternately raiſed and 


| depreſſed, cauſed the evacuation to be continual ; 


which effect could not be obtained by a fiogle 


ſucker, it being neceſſary that the evacuation 


ſhould ceaſe. during the time in which the ſucker | 
is forced in towards the bottom of the barrel. 
But beſides this advantage of performing the 
operation in half the time it could be done with 
a ſingle ſucker; the labour alſo in doing it was 
exceedingly leſſened. The chief dithculty com- 
plained of in ſingle-barrelled pumps, is the very 
great reſiſtance which the external air makes 
againſt the ſucker as it is drawn outwards; and this 
reſiſtance increaſes as the receiver is more and 
more exhauſted, the counterbalance of the internal 


againſt the external air being thereby more and 


more diminiſhed; ſo that if the barrel be of a 


conſiderable wideneſs, i it may be impoſſible, for the 


ſtrength of any one man to work the engine any 


longer. Now this reſiſtance of the external air is 
entirely taken off by making uſe of two ſuckers 


inſtead of one. They are ſo connected together 
by the fabrick of the inſtrument, that as the one 
deſcends, ſo the other muſt of neceſſity aſcend at 
the ſame time ; and conſequently the reſiſtance 
of the external air, hindering the aſcent of the'one 


as much as it promotes the deſcent of the other, 
by contrary effects loſes its force upon both, Ican- 


not illuſtrate this better than by comparing it with 
a Wlan. If a ſingle weight be placed at one of 
its 


* \ 
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its extremities, we perceive a difficulty in moving 


the beam to make the weight aſcend, and this 
difficulty increaſes as the weight is greater. But 
if you place another weight equal to the former 
at the oppoſite extremity, the difficulty in mov- 
ing the beam will entirely ceaſe, how great ſoever 
the two equal weights may be ſuppoſed to be. 
The other particular in which this air-pump 


excelled the former, was the advantage of its 


valves. In the two firſt engines, whilſt the ſucker 
was drawn outwards, you was obliged at the ſame 
time to turn a ſtop-cock, to make way for the 
air in the receiver to paſs from thence into the 
barrel; and when this air was to be excluded from 
the barrel as the ſucker was moved inwards, you 
was obliged again to turn the ſtop-cock, to pre- 
vent the air from reverting into the receiver, and 
at the ſame time to give it a paſſage outwards, a 

ſtopple or plug was to be removed, which cloſed 
the hole through which it was to paſs, and then 
again this hole was to be ſtopped up and the cock 
to be turned again as more air was drawn from 


the receiver; and this labour to be repeated per- 


petually fo long as you continued to work the 
pump, Now the valves which in the third air- 
pump ſupplied the place of the plug and ſtop- 
cock, were undoubtedly much more convenient, 
in that of themſelves they opened to give the air 
a paſſage forwards, and ſhut to prevent its return 
hs again. I will not detain you any longer by 

ſpeaking of the various forms of the engine, and 
the different contrivances which have been uſed 
by others. I have not obſerved that any of them 
whoſe deſcriptions I have ever met with, has been 
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164 Degrees of expanſion Lect. 
ſo convenient in all reſpects, as the air- pump be- 
fore us, which was made by that excellent ope- 
rator the late Mr. Hauk/bee. I cannot ſay that, 
in the main, it is at all different from the third of 
Mr. Boyles; what little alterations may be ob- 
ſerved in it, are I think for the better. It would 
be a loſs of time to go about to deſcribe it by 
words, when we may better ſee the contrivance 
of it with our eyes. I will therefore take its ſe- 
veral parts aſunder, and then endeavour to make 
you underſtand the uſe of each, and the operation 
of the whole, as clearly and diſtinctly as I can. 


V 
An account of the ſeveral ſucceſſive degrees in which 
the air is expanded and compreſſed by the air- 


XI our laſt meeting we took a particular 
LA view of the ſeveral parts of CE en- 
gines conſiſt. I ſhall therefore ſuppoſe you to be 

{ſufficiently acquainted with the fabrick and con- 
trivance of them, and to underſtand in general 
the manner of their operations. I fay in general, 
becauſe there are ſome particulars which yet re- 
main at this time to be diſcourſed of ; which may 
_ alfo very well deferve your conſideration, and 
will be of good uſe in order to frame juſt and true 
apprehenſions of the experiments, which will 
hereafter be made. I ſhall begin with the air- 
pump, and repreſent to you by what degrees the 
air contained in the receiver is exhauſted. 

It may perhaps, upon the firſt view, ſeem not 
improbable that an equal evacuation is made 0 

eac 


xiii, and compreſſion of air. 165 
each ſtroke of the pump, and conſequently that 
the receiver may after a certain number of ftrokes 
be perfectly exhauſted ; for it muſt be allowed, 
if an equal quantity of air is taken away at every 
ſtroke, that the receiver will in time be perfectly 
_ exhauſted, how ſmall ſoever thoſe equal quanti- 

ties, which-are continually taken away, may be 
| ſuppoſed to be. Thus if the air which goes out 
of the receiver at each turn of the pump, be but 
the hundredth part of what was at firſt included 
in the receiver, it is certain that a total evacua- 
tion will be made after an hundred turns. That 


things are thus, may at firſt view I ſay, ſeem not 


improbable, but if we conſider the matter more 
nearly we ſhall find it to be far otherwiſe, 

What I ſhall endeavour to make out to you is 
this; that the quantities exhauſted at every ſtroke 
are not equal, but are perpetually diminiſhed, and 
grow lefler always ſo long as you continue to 
work the pump ; that no receiver can ever be 
perfectly and entirely evacuated, how long time 


| ſoever you employ for that purpoſe, notwith- 


ftanding that the engine be abſolutely free from 
all defects and in the greateſt perfection which can 
be imagined. It may appear to be a paradox, 
that a certain quantity of the air in the receiver 
would be removed at every turn of the pump, and 
yet that the whole can never be taken away ; but 
I hope I ſhall eaſily ſatisfy you that it is not a 


miſtake.” Laſtly, that I may not ſeem too much 


to depreciate the value of our engine, I have this 
Further to ſay for it, that though it be impoſſible 


- by its means to procure a perfect vacuum, yet you 5 


1 may 
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166 Degrees of expanſion Lect. 
may approach as near to it as you pleaſe. By a 
erfect vacuum I mean in reſpect of air only, not 
an abſolute vacuity in reſpect of every thing 
which is material; for not to mention what 
other ſubtle bodies may poſſibly be lodged in our 
emptied receivers, it is matter of fact that the 
rays of light are not excluded from thence. 
In order to make out theſe aſſertions I ſhall in 
the firſt place lay down this rule: That the quan- 
_ tity of air which is drawn from the receiver at 
each ſtroke of the pump, bears the ſame propor- 
tion to the quantity of air in the receiver imme- 
diately before that ſtroke, as the capacity of the 
barrel into which the air paſſes from the receiver 
does to the capacity of the ſame barrel and the 
capacity of the receiver taken together. A 
You may remember that in each barrel there 
are two valves, whereof the lower 1s placed at the 
bottom of the barrel, and the upper is fixed upon 
the embolus or ſucker. Now. the hollow ſpace 
which lies betwixt theſe valves, when the embo- 
lus is raiſed as high as it can go, is what I call the 
capacity of the barrel; for the other part of the 
cavity of the barrel, which is above the embolus 
and the upper valve, is of no uſe in evacuating the 
receiver, and therefore ought not here to be con- 
ſidered. Upon a like account, by the capacity of 
the receiver I mean, not only the {pace immediate- 
ly contained under the receiver, but alſo all thoſe 
other hollow ſpaces which communicate with it, 
as far as to, the lower valves: ſuch you may re- 
member are the cavity of the pipe which conveys 
the air to the barrels, and the cavity in the upper 
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part of the gage above the quickſilver. Theſe 
additional ſpaces are very ſmall and inconſider- 
able, yet if we would be exact, they alſo muſt 
be taken into the account and looked upon as 
parts of the receiver. 

Now to underſtand the truth of the rule, we 
muſt obſerve that as the embolus is moved up- 
wards from the bottom of the barrel, it 28750 
leave a void ſpace behind it, but this effect is pre 
vented by the ruſhing in of air from the receiver. 
The air, you know, by its elaſticity is always en- 
deavouring to expand itſelf into larger dimenſions, 
and it is by this'endeavour that it opens the lower 
valye, and paſſes into the hollow part of the bar- 
rel as the embolus gives way to it, and this It 
will continue to do, till it comes to have the ſame 
denſity in the barrel as in the receiver. For ſhould 
its denſity in the barrel be leſs than in the receiver, 
its elaſtick force, which 1s proportionable to its 
denſity, would be leſs alſo, and therefore it muſt 
ſtill give way to the air in the receiver, till at 
length the denſities become the ſame. The air 
then which immediately before this ſtroke of the 
pump, by which the ſucker is raiſed, was con- 
tained in the receiver only, is now uniformly dif- 
fuſed into the receiver and the barrel; whence it 
appears that the quantity of air in the barrel, is to 


the quantity of air in the barrel and receiver to- 


gether, as the capacity of the barrel, is to the ca- 
pacity of the barrel and receiver together. But the 


air in the barrel is that which is excluded from the | 


receiver. by this ſtroke of the pump, and the air 
in the barrel and receiver overly is what was in 
the receiver immediately be 
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168 Degrees of expanſion Lect. 
fore the truth of the rule is very evident, that the 
quantity of air which is drawn from the receiver 
at each ſtroke of the pump, bears the ſame pro- 
portion to the quantity of air in the receiver im- 
| mediately before that ſtroke, as the. capacity of 
the barrel into which the air paſſes from the re- 
ceiver, does to the capacity of the ſame barrel 
and the N of the receiver taken together. 
Io illuſtrate this further by an example, let us 
ſuppoſe the capacity of the receiver to be twice as 
great as the capacity of the barrel; then will the 
capacity of the barrel, be to the capacity of the 
barrel and receiver together, as 1 to 3; and the 
quantity of air exhauſted at each turn of the pump, 
is to the quantity of air which was in the receiver 
immediately before that turn, in the ſame pro- 
portion. So that by the firſt ſtroke of the pump, a 
third part of the air in the receiver is taken away, 
by the ſecond ſtroke a third part of the remaining 
air is taken away, by the third ſtroke a third part 
of the next remainder is exhauſted, by the fourth 
a third part of the next, and ſo on continually ; 
the quantity of air evacuated at each ſtroke, di- 
miniſhing in the ſame proportion with the quan- 
tity of air remaining in the receiver immediately 
before that ſtroke : for it is very evident that the 
third part, or any other determinate part of any 
quantity muſt needs be diminiſhed in the ſame 
proportion with the whole quantity itſelf, And 
this may ſuffice for the proof of what I aſſerted 
in the firſt {aces that the quantities exhauſted 
at every ſtroke are not equal but are perpetually 
diminiſhed. 1 e , 


f 


1 hall now proceed to ſhew, that the air re- 


— 


" 


maining in the receiver after every ſtroke is dimi- 


niſhed in a geometrical progreſſion, It has been 


proved that the air remaining in the receiver af- 
ter each ſtroke of the pump, is to the air which 
was in the receiver immediately before that ſtroke, 
as the capacity of the receiver is to the capacity 


of the barrel and receiver taken together; or in 


other words, that the quantity of air in the re- 


ceiver, by each ſtroke of the pump, is diminiſhed. . 


in the proportion of the capacity of the receiver 
to the capacity of the barrel and receiver taken 
together, Each remainder 1s therefore evermore 


leſs than the preceding remainder in the ſame 


given ratio; that is to ſay, theſe remainders are in 
a geometrical progreſſion continually decreaſing. 
Let us return again to our former example, 


which may afford a ſomewhat different light into 


this matter. The quantity exhauſted at the firſt 
turn, you remember, was a third part of the air 
in the receiver, and therefore the remainder will 
be two thirds of the ſame; and for the like rea- 
| ſon the remainder after the ſecond turn will be 
two thirds of the foregoing remainder, and ſo on 
continually ; the decreaſe being always made in 
the ſame proportion of 2 to, 3; conſequently the 
| decreaſing quantities themſelves are in a geome- 
trical progreſſion, _ tr 7 | 
It was befo 
ed at every turn did decreaſe in the ſame pro- 
portion with theſe remainders; therefore the quan- 
tities exhauſted at every turn are alſo in a geome- 
trical progreſſion, Let it then be remembered, 
that the evacuations and the remainders do both 
decreaſe in the ſame geometrical progreſſion, N 


. 
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re proved that the quantities exhauſt- 
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170 . Degrees of expanſion Lect. 
. the remainders decreaſe in a geometrical 
progreſſion, it is certain you may, by continuin 
the agitations of the pump, render them as ſmal 
as you pleaſe, that is to ſay, you may approach 
as near as you pleaſe to a perfect vacuum. But 
notwithſtanding this, you can never entirely take 
away the remainder, If it be ſaid that you may, 
I prove the contrary thus. Before the laſt turn 
of the pump, which is ſaid wholly to take away 
the remainder, it muſt be confeſſed there was a 
remainder; this remainder, by that laſt turn of 
the pump, will only be diminiſhed in a certain 
Proportion, as has been before proved ; there- 
fore it was falſly faid to be totally taken away. 

It may not be improper in this place to fay 


-- ſomething concerning the gradual aſcent of the 


quickfilver in the gage, upon which we have 
made ſome experiments. You have obſerved 
that as we continue to pump, the quickſilver 
continues to aſcend, approaching always more 
and more to the ſtandard altitude in the wea- 
ther-glaſs, which you know is about 29+ inches, 
being a little under or over according to the va- 
riety of ſeaſons. What I ſhall now endeavour 
to make out to you is this; that the defect of 
the height of the quickſilver in the gage from 
the ſtandard altitude, is always proportionable 
to the quantity of air, which remains in the re- 
oeiver; that the altitude itſelf of the quickſilver 
in the gage, is proportionable to the quantity of 
air which has been exhauſted from the receiver; 
that the aſcent of the quickſilver upon every turn 
of the pump, is . to My 1 
. neo by. each turn, 4 
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In order to underſtand theſe aſſertions you are 
to conſider, that the whole preſſure of the atmo- 
ſphere upon the ciſtern of the gage, is equivalent 
to, and may be balanced by, a column of quick 


ſilver of the ſtandard altitude. Therefore when 


the quickſilver in the gage has not yet arrived to 


the ſtandard altitude, it is certain the defect of 


quickſilver is ſupplied by ſome other equal force, 
and that force 1s the elaſtick power of the air yet 
remaining in the receiver; which communicating, 
as you remember, with the upper part of the 
gage, hinders the quickſilver from aſcending, as 
it would otherwiſe do, to the ſtandard altitude. 
The elaſticity of the air in the receiver is then 
equivalent to the weight of the deficient quick- 
filver ; but the weight of that deficient quickſil- 
ver is proportionable to the ſpace it ſhould poſ- 
ſeſs, or to the defect of the height of the quick- 
filver in the gage from the ſtandard height; there- 
fore the elaſticity of the remaining air is alſo pro- 
| POIs the ſame defect. And ſince it was 

rmerly proved, that the denſity of any portion 
of air is alſo proportionable to its elaſticity, and 
the quantity in this caſe is proportionable to the. 
denſity, it follows that the quantity of air remain- 
ing in the receiver, is proportionable to the defect 


of the quickſilver in the gage from its ſtandard al- 


titude, which was the firſt thing to be proved. 
Hence it follows that the quantity of air which 
Was at firſt in the receiver before you began to 
pump, is proportionable to the whole ſtandard 
altitude; and conſequently the difference of this 
air, which was at firſt in the receiver and that 
Which remains after an ycertain number of turns, 
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172 Degrees of expanſion Lect. 
that is, the quantity of air exhauſted, is propor- 
tionable to the difference of the ſtandard altitude 
and the before- mentioned defect, that is, to the 

altitude of the quickſilver in the gage after that 
number of turns; which was the ſecond thing 

to be proved. | „ 
And from hence it follows that the quantity 
of air exhauſted at every turn of the pump, is 
proportionable to the aſcent of the quickſilver 
upon each turn, which was the laſt thing to be 
made out. And theſe concluſions do very well 
agree with the experiments, which ſhewed us the 
quantity of air that was exhauſted, by the quan- 
tity of water which afterwards ſupplied the va- 

cant place of that air in our receiver (a. 

Let it then be remembered, that the quantity 
exhauſted at each turn, is proportionable to the 
aſcent of the quickſilver upon that turn; that the 
whole quantity exhauſted from the time you be- 
gan to pump, is proportionable to the whole al- 
titude of the quickſilver; that the quantity re- 
maining in the receiver is proportionable to the 
defect of that altitude from the ſtandard. 

To come now to the application of the other 
experiments which we made this day. We found, 
by meaſuring, that the ſeveral aſcents of the quick- 
ſilver in the gage, upon every turn of the pump, 
were diminiſhed in a geometrical progreſſion, and 
it has juſt now been proved that the quantities of 
air exhauſted at each turn are proportionable to 
thoſe aſcents. Therefore we may ſafely conclude 
5 5 „ from 
() This receiver, like the bottle deſcribed in Exp. 1. pag. 

9, 10, had a ſtop- cock cemented to it, to hinder the return of 
the exhauſted air, and to admit water in its ſtead. 


4 


xiii. and compreſſion of air. 173 
from experiment alſo, what we before collected 
by a train of reaſoning, that the quantities of air 
exhauſted at every turn of the pump, are dimi- 
niſhed continually in a geometrical progreſſion. 
Furthermore, ſince thoſe aſcents are the dif- 
ferences of the defects from the ſtandard alti- 
tude, upon every ſucceſſive turn of the pump, it 
follows that the defects alſo are in the ſame de- 
creaſing geometrical progreſſion. For it is a ge- 
neral theorem, that all quantities whoſe differ- 
ences are in a geometrical progreſſion, ſo long as 
the quantities continue to have any magnitude, 
are themſelves alſo in the ſame geometrical pro- 
greſſion. The defects being then in a decreaſing 
geometrical progreſſion and the quantities of air 
remaining in the receiver being proportionable, 
as was lately proved, to the defects, it follows 
from the ſame experiments, that the quantities 
of air which remain in the receiver after every 
turn of the pump, do decreaſe in a geometrical 
progreſſion ; which was the other thing con- 
cluded alſo by a train of reaſoning. 3 
Before I diſmiſs the conſideration of the air- 
pump, it remains that I add ſomething concerning 
the uſe of the two tables, which I have put into 
your hands. They are deſigned to ſhew the num- 
ber of turns of the pump, which are requiſite to 
rarefie, in any given proportion, the air contained 
under any receiver. The firſt table in particular - 
is fitted for receivers whoſe capacity is the ſame 
with the capacity of the barrel, and the numbers 
of the firſt column of it expreſs the degrees of ra- 
refaction, as thoſe over againſt them in the ſecond 
column expreſs the number of turns, with their 
2 4% br | If. | ; * 4 F | | Mo decimal 


ED rr — 
» 53 No pon une os of on — n : 
l on 


* 
— 


— 


mo 
>” 
_ 


, — 1 CY — A Fe mY * * 
Y — S __——_— a" oe 8 2 * nah 4. 8 = 4 wet = 
— n 2 r * Cad Oe r 2 RYE — 2 28 q — = 
£ — 1 „ 3 U — * 
— x A 4 - N - I 2 
erer Tr: * = — _— 9 0 p p 
—— I rar -— Oo . 


0 . 6 
— 5 3) , — — * 


» 3 —< 5 » % 
= n 


- 2 
a 

2 22222 a at bo... 
«„ 


© - N 4 4 : : a 2 
n & map = Hap > FLY Ss fd F — 
© - * - 4 bo — 0 r . 2 oy. OE q 
, * G — % 2 rm + wt owe ects. nm ooo #5. 50 HAT r 4 i ES - 
—— - — — 44-57 4 * wy Ex > 2 es = MY * = 2 
moe ere OI HY rr — - rn 
> 54 * es — =o LAS ———— 9 „ 8 <A 0— "pF 8 60 
od * - - b N * 


4 


r eee 


r 


: p . ] ãk’E8 : . — AF it r 
* * — 5 * rr. - 


PE-h7 x Lak, 


8 22 
n 


. — 
* „„ 


P 
— 4 ”-D> 
a — ren - wow. a dt V+ * 


. 


— 


"$7 


Fo: ny At ra n 


m_ 2 
mt 6 
u 


yew "gc 
\ — — 
— — 2 7 


* 


n d 
— — — 


* — 2 a 5 : . 
— UDDTTTPTPPDbbb 


— 


me ex . wy, IS. 07 an 


Pee 


— 
—— — ͤ— 
PRES 
= 


, y 8 Co — = * r . 28 
P * E 
1 

„„ * — = 
rg K — — 


wy 7 
v4 2 


— A 4 — 


F ͤöÄꝙỹ— ͤ 
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decimal parts, which are requiſite to produce 
thoſe degrees of rarefaction. Thus for example, 
if it were required to rarefie the air, under ſuch 


oY receiver, an hundred times above its natural 


rarity, I ſeek for the number 100 in the firſt co- 
lumn, and over-againſt it in the ſecond I find the 
number 6.644, by which I underſtand that the 
air will be rarefied an hundred times by 6 turns 


of the pump and 644 thouſandth parts of a turn. 


So if it were deſired to rarefie the air under the 


ame or an equal receiver 10 thouſand times more 
- than in its natural ſtate, I perceive there will be 
13 turns and 288 thouſandth parts of a turn re- 


quiſite for that purpoſe. 
3 TABLE 1. 
|, .. Number Number Number 
: n of dure Rarity of turns e Tlof turns 
| uo | 6015.907 | 900 g.814|. 
| 2|1 646 ooo 9.966 
31.585 706.129 1024 10. 
412 806.322 2000 10. 966 
42. al 906.492 2048| 11. 
i. DES 2955 1006.644 3000 11.5510 
| 712 1287 4000 11 966 
[+ | 200|7,044 | 4096| 12. 
| 9 4 170 | 25618 5000| 12. 288] 
| 2013-322 | 30018.229 | 6000 12.551 
1604 [  40018.644 | 7000| 12.773 
| 204.322 5008.966800 12.966| 
304.907 512009 8192 13. | 
325 _ | 60019.229 9000 13.1360 
405. 322 | 70019.451 foo 13.288 
505. 644. 800 9.644 {16384 14. : 


The 


xiii.” and compreſſion of air. 175 
The receivers which we ſhall have occaſion to 
make uſe of in our experiments, are: generall 

much bigger than the capacity of each barrel of 
the pump, and by being bigger, will require a 
greater number of turns than thoſe ſet down in 
the ſecond column, to rarefie the air in the de- 
grees which are expreſſed in the firſt column. It 
may perhaps at firſt view, ſeem not unreaſonable 
to think that the number of turns requiſite to 
rarefie the air in any certain degree, ſhould' ex- 


ceed the numbers of the ſecond column, in the 


fame proportion by which the capacity of the 
receiver exceeds the capacity-of the barrel. But 
if the matter be examined more cloſely, it will be 
found, that the number of turns do not increaſe 
in ſo great a proportion as the capacity of the re- 
cciver does. hn 
What that proportion is, by which the num- 
ber of turns is truly increaſed, as the capacity of 
the receiver becomes bigger, may be ſeen by the 
ſecond table, whoſe firſt column expreſſes the 
proportion-of the receiver to the barrel, as the 
ſecond does the proportion of the true 'number 
of turns to thoſe ſet down in the firſt table. The 


uſe of it will be more clearly underſtood by an 


example ur ]W]M t. 


Let us ſuppoſe the capacity of the receiver to 
be 10 times greater than the capacity of the bar- 


rel, and that we would find how many turns are 


requiſite to rarefie the air under ſuch a receiver 
100 times more than it is naturally rarefied. 


By the firſt table we find, as Was ſaid above, 


that if the receiver were equal to the barrel, the 
number of turns would be 6.644. But the re- 
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1756 Degrees of expanſhon. Le. 
ceiver is 10 times greater. Find therefore the 
number 10 in the firſt column of the ſecond table, 
and over againſt it you will ſee the number 7.273 

in the ſecond column of the ſame table; by which 
you perceive that as the receiver is increaſed in a 
decuple proportion,” the number of turns are in- 
creaſed not ſo much, but only ſomewhat more 
than in a ſeptuple proportion. Therefore the 
true number of turns will be found by multiply- 


ing the number 6.644 by the number 7.273, and 
will conſequently be 48.322. | 


W 


. | 
Capacity] ] |Capacity L 
| of the |Multiplier| | of the Multiplier 
receiver . . 
n CORO 60 41.934 
e eee ee 6606} 
| 3 | 2-499] | 80 55-798} 
| io: 4 24409 [-Þ. 00% denn 
14 $02 100 69.6611 
64.47 | 200 | 138.976} 
7 | $g-19x| | 300 208.291 
8. | 5.885] | 400 | 277-605) 
| 9 | 6-579] | 500. 34.920 
4-10: -| 7-@13:þ 600 416.235 
20 | 14-207] | 700 485.540 
| 30 | 21-139 800 | 554.864 | 
| 40 | 28.071] | goo | 024.179] 
| 50 |} 35-003] | 1000 |. 693-494] 


"164-462 -were defied wo fu hu: ler uf 
turns of the pump, which muſt be made to - 
1 e | . rene 


xiii. and compreſſion of air. 177 
refie the air 10 thouſand times above its natural 
ſtate, in a receiver which 1s 5o times bigger than 


the capacity of the barrel; over againſt 10000 in 


the firſt table I find 13.288 and over againſt 50 
in the ſecond table I find 35.603, which multi- 
plied together make 465.12; this therefore is the 
number of turns requiſite for the purpoſe. You 
need not be ſolicitous about the fractions which. 
are above any certain whole number of turns; 


they do not mean, that the handle of the pump is 


to be moved juſtly ſuch a part of a turn as they 
ſeem to denote, for ſtrictly ſpeaking it need not 
be moved altogether ſo much, but the difference 
is inconſiderable, and it would be a loſs of time 
to infiſt more particularly about it. It was neceſ- 
fary to ſet down the fractions in the tables, that 


no whole number of turns might be loſt in the 


product, when you come to multiply them toge- 


ther; but when you have found the product, the 


fractions belonging to it need not be conſidered. 


In making theſe tables, that they might not be 


too large, you ſee I have omitted ſeveral interme- 
diate numbers. However they are ſufficient for 
the purpoſe for which I deſigned them; which 
was to give you clearer notions of the operation 
of our engine, I ſhould here explain to you the 
grounds upon which they were computed, but L 
fear the difficulty of the ſubject would not permit 
me to be generally underſtood. I ſhall therefore 
omit the doing of it, / and only obſerve to you 


(5% In a receiver whoſe capacity is to that of the barrel of 


F pump, as c to 1, the air will be rarefied r times by a | 
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178 Degrees of expanſion. L ect. 
of the firſt table, that if you take any numbers in 


the firſt column which are in a geometrical pro- 


- 
2 


number of turns equal to Gerbe 
For by any one of the turns, the air will be rarefied or 
dilated in the ratio of the ſpace c to the ſpace c + 1, or of 


1 to ; and therefore will have as many ſuch equal and 
c | 
ſucceſſive rarefactions, as there are equal and ſucceflive ratios 


in this ſeries 1, 0! | - c+1 , ch , continued to the 
| Fas Lek ins Lis | 
c+ 1 | | 
c 


term —— g whoſe index # is the whole number of turns. 


Conſequently the total ratio of all the rarefactions, for which 
. x; FN | * 
we put 1 to 7, is the ſame as the ratio of 1 to a : , that 


is, of the firſt term of the ſeries to the laſt. Therefore 
| yew 7: g F, and by the known properties of logarithms, 


8 N 25 — — — | * 
the log. r= X log. — - nx log. c+1— log. c. whence 
r = | = | | 

log. c +1—log. c © 5 


Corol. 1. Hence in Table I. where c==1, the air will be 


rarefied 7 times by a number of turns equal to 1 =, | | 
| g. 2. 

Corol. 2. Call that number t, and in Table II, where c 

has any propoſed value, put m for the correſponding multi- 

plier; then ſince the author makes t n, we have 


: 1 log. 2. 


log. c- log. c. N 

In the author's example r = 100 and c 10, whence by 
log. 100 2,00000 EN 

ts Faw log. 2 0.3010 3 = 6.644 9 2 and by 


Corel. 2, m = — 032 — 7-273, & 


greſſion, 
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greſſion, the correſpondent numbers of the ſecond 
column will be in arithmetical progreſſion, It 


may alſo be obſerved of the ſecond table that the 


diſproportion of the correſpondent numbers does 
continually increaſe from the beginning to the 
end, how far ſoever it be continued, but yet does 
never exceed the diſproportion of 13 to . | 

It is time now that we proceed to the conden- 


ſer. This inſtrument will not require much to be 


{aid concerning it. When I aſſert that equal quan- 
tities of air, namely, as much as the barrel can 
naturally contain, are intruded into the receiver 


at each ſtroke of the forcer, the thing is ſo very 


obvious that I believe I need not go about to 
prove it. For you cannot but eaſily underſtand, 
that as the embolus or forcer is drawn upwards 
from the bottom of the barrel, there is a vacuity 
left behind it, till ſuch time as it comes to get 
above the little hole, which is made in the fide of 
the barrel towards the top of it. For then the 
external air is permitted to paſs freely through 
that hole into the aforeſaid void ſpace, and con- 
ſequently the barrel will then have as much air in 
it, as 1t can naturally contain. And as the forcer 
is moved downwards, this air is compreſſed, and 

compreſſion is more and more condenſed, till 
at length the force of its elaſticity becomes greater 
than the elaſtick force of that which is contained 
within the receiver, and thereby it will open the 
valve and make way for itſelf to enter totally into 
the receiver, as it is continually puſhed forwards 


by the deſcending embolus. Since then the quan- 


tities intruded at each ſtroke of the forcer are 
equal, it manifeſtly appears that the quantities 
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180 Degrees of expanſiun Lect. 
in the receiver, and conſequently the degrees of 
condenſation, do increaſe in an arithmetical pro- 
greſſion. St e 5 
Let us now examine by what ſteps the quick- 
flilver in the gage advances at each ſtroke. What 
I ſhall endeavour to prove as to this matter is this, 

that as the quickſilver is moved forwards in the 
gage upon every ſucceſſive ſtroke of the forcer, 
the ſpaces at the end of the gage, which are yet 
left free from the quickfilver, do decreaſe in a 
muſical progreſſion. | | | 

But in the firſt place it may not be amiſs to 
explain in fome meaſure the nature of muſical 
progreſſions, fince theſe are not generally ſo well 
underſtood as thoſe which we call arithmetical 
and geometrical progreſſions. In order to do this, 
I ſhall propoſe an inſtance which firſt gave oc- 
caſion for the name. 0 | 7 
It is a thing well known among muſicians, if 
three chords or ſtrings, in all other reſpects alike, 
be of different lengths, and thoſe lengths be to 
each other in proportion as the numbers 6, 4 
and 3, that the ſounds of thoſe ſtrings will expreſs 
the principal and moſt perfect of the muſical con- 
cords, namely, an eighth, a fifth, and a fourth. 
Thus the ſound of the laſt will be an octave to 
the ſound of the firſt, and the ſound of the ſecond 
a fifth to the ſound of the firſt, and the ſound of 
the laſt a fourth to the ſound of the ſecond. 
Hence theſe numbers 6, 4 and 3, which expreſs 
the proportions of thoſe muſical ſtrings, were ſaid 
not improperly to be in a muſical progreſſion. 
Now it was eaſy to be obſerved, that theſe num- 
bers were recigrocally proportional to three other 
„„ 1 | numbers 


; iii. and compreſſion of air. 18 
- numbers reſpectively, viz.-2, 3 and 4, which 
were in arithmetical progreſſion; and thence. it 
came to- paſs, that any other ſeries of numbers 
was ſaid to be in a muſical progreſſion, which 
had the ſame property of being reciprocally pro- 
portional to a ſeries of numbers in arithmetical 
progreſſion. | 
That therefore is a fries of ie propor- 
tionals which is reciprocal to another ſeries of a- 
_ rithmetical proportionals. 

But beſides this, you may obſerve anoches pro- 

perty belonging to the above mentioned numbers, 
6, 4 and 3, viz. that the firſt is to the third, as 
the difference of the firſt and ſecond, is to the dif- 
ference of the ſecond and third. And this pro- 
perty does equally belong to all other numbers, 
which are reciprocally as a ſeries in arithinetical 
progreſſion, that is, to all other numbers which 
are in a muſical progreſſion. 

Hence if any two ſucceeding terms be given, 
the third may be found by dividing the product 
of the firſt and ſecond, by the difference which 

ariſes in ſubſtracting the ſecond from the double 
of the firſt. Thus in the progreſſion 6, 4 and 3, 
the product of the firſt and ſecond terms 6 and 4 
is 24, andthe difference which ariſes by ſubſtract⸗ 
ing the ſecond term 4 from 12, the double of 
the firſt is 8, and the quotient which emerges by 
dividing the product 24 by the difference 8 is 3, 
the third term in the progreſſion required. 
I ſhall now go on to ſhew that the ſpaces un- 
poſſeſſed by the quickſilver at the end of the gage, 
decreaſe in a muſical progreſſion. 
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182 Degrees of expanſion. Led, 


It muſt be obſerved therefore, that the quick- 
filver in the gage is contiguous on one fide to the 
air within the receiver, and on the other fide to 
the air which is ſhut up at the end of the gage, 
and that the denſity of the air in both places is 
equal. For were the denſity of the air in the 


receiver greater than the denſity of the air at the 


end of the gage, its elaſtick force would be 
greater, and by that exceſs of force the quick- 


ſilver would be moved on further towards the 


end of the gage, till the forces, and conſequently 
the denſities, became equal. After the ſame 


manner if the denſity of the air at the end of 


the gage, were greater than the denſity of the air 
within the receiver, the quickfilver. would: be 
moved backwards from the end of the gage, . till 


the denſities became equal. It is manifeſt there- 


fore that the denſities are equal in both parts 
when the quickſilver in the gage is at reſt, There- 
fore ſince the denſity of the air in the receiver, 
upon every ſucceſſive ſtroke of the forcer, was 
increaſed in arithmetical progreſſion, it follows 
that the denſity of the air at the end of the gage, 
is likewiſe increaſed in the ſame arithmetical 
progreſſion. But the ſpace which that air poſſeſ- 
ies, is diminiſhed in the ſame proportion by 
which the denſity is increaſed, or — — words, 
the ſpaces are reciprocally as the denſities, there- 
fore the ſpaces are reciprocally as a ſeries of terms 
in arithmetical progreſſion; which is the ſame 
thing as to ſay, the ſpaces are in a mufical pro- 

greſſion. And this concluſion we find to agree 
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with our experiments. 


ee eee 
A parcel of air weighed in a balance; its ſpecifick 
gravity to that of water determined thereby. 


FE gravitation of the air has in the fore- 
] going week been ſufficiently proved by 
ſeveral different methods. We have ſeen a great 
variety of appearances which are very clearly and 
naturally accounted for upon that principle, and 
cannot be explained upon any other. We might 
therefore very juſtly conclude it to be altogether 
true and exactly agreeable to nature, upon the 


force of that evidence alone. But the immediate 


evidence of ſenſe has always ſomething in it, 
which does more powerfully affe& and convince 
us, than the united ſtrength of the greateſt num- 

ber of inferences drawn out by a ſeries of reaſon- 
ing. And upon this account we may ſay, that the 
experiment we have now been making, has af- 
forded us a clearer and more cogent proof of the 
weight of the air, than any of thoſe conſiderations 
we have hitherto been engaged in, or even than 
all of them taken together. For what can be fur- 
ther expected or deſired to evince an heavy body 
to be really ſuch, than to feel (if I may ſay fo) 
the weight of it in the balance. This experiment 
itſelf or ſome other to the ſame effect, might at 
any time ſo eaſily have been tried, that I believe 
you will be much more inclined to wonder, how 
it could have been poſſible for any ſect of philo- 


ſophers to have doubted of the gravitation of the 


air, than to doubt of it in the leaſt yourſelves. 
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184 Air weighed in a balance. Led. 
It muſt be confeſſed that Ariſtotle himſelf does 
ſomewhere in his writings aſſert this gravitation, 
and to prove his aſſertion he appeals to the expe- 
riment of a bladder full blown; which, ſays he, 
weighing more than the ſame bladder when it 
was flaccid, is a manifeſt token of the weight of 
the air contained in it. But it is certain, however 
- unreaſonable it may ſeem, that his followers de- 

parted from their maſter, and maintained the con- 
trary for ſeveral ages together. Galileo ſeems to 
have been the firſt among the modern philoſo- 
phers, who durſt venture to oppoſe them in this 
matter. I formerly gave you an account of the 
obſervation he had made concerning pumps : this 
Was a ſufficient hint to a perſon of his ſagacity, 
to call into queſtion the commonly received doc- 
trine of the ſchools. . But the inquiſitive genius 
of this great man was not long to be held in ſuſ- 
penſe. He ſoon reſolved upon proper experi- 
ments which might afford him a full and perfect 
ſatisfaction in this buſineſs, What thoſe expe- 
riments were I am now to tell you. 

He took a glaſs veſſel of a large capacity, having 
a very narrow neck, to which he applied a cover 
of leather and faſtened it as cloſe as was poſſible 
to the neck. Through the middle of this cover he 
put a ſlender tube, cloſing the leather to it as ex- 
actly as he could. Then with a ſyringe he forced 
into the glaſs veſſel, through the tube, as great a 
quantity of air as he conveniently might, ſo as 
not to endanger the breaking of the glaſs. This 
being done he weighed the yeſſel, with all this 
compreſſed air in it, as carefully as ena. 
SIOHIOT 467 2% W FD 0 1 * the 
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wiv. Air weighed in a balance. 185 


the help of a moſt exact balance; making uſe of 


very fine ſand for a counterpoiſe. Afterwards, 


by uncovering the tube, he permitted the air, 
which had been with violence forced into the 


veſſel, to make its eſcape out again ; and then he 


applied the veſſel to the balance a ſecond time, 


and finding it to be lighter than before, he took 
away part of the ſand, till at length he had re- 


duced the beam to an equilibrium again. By this 


means he was entirely convinced of the pondero- 
fity of the air in general, and was ſatisfied that 


the weight of ſo much of it as had eſcaped upon 


opening the veſſel, was equal to the weight of that 
fand which he had taken away and reſerved apart 
by itſelf. This indeed was very evident, but yet 


it was not poſſible from this experiment, to form 


any conclufion concerning the preciſe and deter- 
minate weight of any particular quantity of air, 
in compariſon with the weight of other bodies : 


for it could not certainly be known, what the 


quantity of that air was which had made its eſ- 


_ cape, and which was equal in weight to the ſand : 


he had reſerved. In order therefore to purſue 
this matter ſomewhat further, he contrived two 


other different methods of making the experi- 


ment. The firſt was after this manner. | 
| He took another veſſel in all reſpects alike to 
the former, which had alſo a cover of leather fix- 
ed to it. Through this cover he cauſed to paſs in- 
to this ſecond veſſel, the end of the tube which 


ſtood out of the former veſſel and was cloſed up, 


and at the fame time he took care to bind the co- 
ver of the ſecond veſſel as exactly as was poffible 
0 | | to 
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186 ÞAir weighed in a balance. Lect. 
to the tube. This being done, the necks of the 
veſſels reſpected each other, and had a commu- 
nication by means of the tube, ſo ſoon as the 
cloſed end of it, which lay in the ſecond veſſel, 
was opened. Now the end of the tube was open; 
ed by a long and ſlender iron pin, paſſing through 
a ſmall hole made at the bottom or oppoſite end 

of the ſecond veſſel, But I ought to tell you, 
that before theſe veſſels were thus joined toge- 
ther, the ſecond was filled with water, and the 
weight of the firſt, with all its included and com- 
preſſed air, was found by a counterpoiſe of ſand 
as before. Things then being thus diſpoſed and 
3 and the end of the tube being opened 

y means of the iron- pin, it is eaſy to under- 
ſtand that the compreſſed air will ruſh forth with 
violence into the ſecond veſſel, till that which re- 
mains behind in the firſt veſſel be reduced to its 
natural denſity. Now as the air forces its way 
into the veſſel filled with water, it muſt neceſſa- 
rily happen, that part of this water will be ex- 
pelled, through the hole at the bottom of the 
veſſel, to make way for the air; and the bulk of 
the water which is expelled, will be equal to the 
bulk of the air which came forth from the firſt 
veſſel into the ſecond, The weight of that air, 
which came out from the firſt veſſel, is to be found 
by weighing the firſt veſſel again after that air. is 
gone out of it; and this weight of air, compared 
with the weight of that equal bulk of water 
which was expelled and reſerved, will give the 
Proportion of the ſpecifick gravity of air to the 
ſpecifick gravity of water. By „ 


xiv. Air weighed in a balance. 187 
lileo tells us, he found that air, as about 490 


times lighter than water. 
The other method which he propoſes, is fan 
what more expeditious, it requiring only one 


veſſel, which muſt be fitted up as the former of 
thoſe two, which have been Juſt now deſcribed. . 


But here. inſtead of forcing. in more air than the 
veſſel does naturally contain, he'chuſes rather to 


force in water, whereby the air contained in the 


veſſel is compreſſed and (condenſed, care being 


taken that no part of it eſcape out, as the water 
is forced in. Suppoſing then a ſufficient quantity 


of water to be forced into the veſſel, which may 


conveniently enough be as much as will fill + of 
it, the whole muſt be weighed with great exact= 
neſs. Then the neck of 20 veſſel is to be placed 
upwards, and the tube being opened, the air will 
be at liberty to expand keel, and ſuch a part of it 
will go out, whoſe bulk is equal to the bulk of 


water which was forced in. This being done, 


the veſſel muſt be weighed again, and this laſt 
weight will be ſo much leſs than the former, as 
the weight of the air which went out amounts 
to; and conſequently the ſpecifick gravity of air 
will be to the ſpecifick gravity of water, as that 


defect is to the weight of the rater which was 
forced into the veſſel. 


Such were the contrivances of this . 1 

Italian philoſopher at a time when the reſt of the 
world. had altogether different notions. of theſe 
matters, and long before our air-pumps or baro- 
meters were invented. It is a ſatisfaction to un- 
e by Nhat methods theſe enquiries firſt 


began. 
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188 Air weighed ina balance. | L ect. 
began. But beſides this, you have alſo another 
advantage from the account I have been giving 
you; my meaning is, that you will from hence 


be enabled to frame to yourſelves apprehenfions 


of various other ways of doing the ſame thing, 
different from thoſe I have been relating, or that 
which we have been practiſing. It would be 
endleſs to deſcribe the ſeveral methods which 


have been propoſed by curious and inquiſitive 


men, or to tell you what methods I could myſelf 
contrive to the ſame purpoſe. The firſt experi- 
ment of this nature which was generally taken 
notice of, and became in its time very famous, 


Was that of Merſennus. Omitting therefore all 
others, I ſhall content myſelf with the account 


of his manner of trial. 7 2G 
He procured to himſelf an Zolipile, being an 


hollow globe of braſs with a very flender neck. 


This he placed in the fire till it became red-hot, 
and immediately weighed it by a balance whilſt it 


remained ſo, Afterwards he let it cool and then 


weighed it again ; and finding its weight to be 
greater than before, he concluded that the exceſs 
was the weight of that air which had been expell- 
ed by the heat, and had been permitted to return 
again upon the cooling of the globe. Thus he 
was ſatisfied that the air was a ponderous body, 
but in what meaſure it was fo, he could not b 
this experiment alone determine. He therefore 
repeated the trial again, and found the weight of 
the globe when it was red-hot to be the ſame as 
before. Then he placed the neck of it under wa- 
ter and ſuffered it to cool in that poſture, Which 
8 | being 
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being done he found his globe to be almoſt filled | 

with water, and knowing the bulk of that water |: 

to be the ſame with the bulk of the air which was bl 

expelled with the heat, by weighing that water 1 

and comparing its weight with the weight of the 8 

air found by the former experiment, he con- | 

cluded the ſpecifick gravity of air to be about 1 

1300 times leſs than the ſpecifick gravity of 1 

Water. 2 ; | 8 (| iſ 

- You cannot but take notice of a very great dif- no 

ference between this concluſion and that of Gali- 3 

leo, which I mentioned above. Galileo makes the 3 

air to be 400 times lighter than water, and Mer- . 

ſennus makes it to be 1300 times lighter. If we 9 

take a mean between theſe concluſions we muſt 4 

ſay it is 8 50 times lighter; and this agrees very 9 

well with later and more exact obſervations. Vou | 

have already ſeen what the proportion was which 9 

we deduced from our experiment. But I ought to 0 

tell you, that if our bottle had been bigger, we 1 

might the more ſecurely have depended upon it. i 

We have formerly in ſome of our firſt courſes, ll. 

made uſe of a bottle about 8 times as capacious as 9 

that with which we made our preſent trial, and I 1 

can aſſure you we always found the proportion of 1 

water to air to be between the proportions of 800 oh 
and-goo to 1, but it generally approached ſome- i 
what nearer to 9oo. That larger bottle was pro- 1 
cured for us by the late Mr. Hauſſbee, who him- 1 
Ff ſelf made the experiment before the Royal So- 8 
„ ciety with the ſame, at a time when I happened 14 
1 to be there preſent. I can therefore witneſs for the 1 
Y diligence and care with which he made it. The 1 


Proportion which was found by his experiment 
wee 5 was 


— 2 T — 2 
DRY ys; — Nr. 
n 
— 4 — 
- —— 


n "Ss 2 1 
+» oÞ & 4 Ix T 
n 
* —— 

ry + tea * 


9 — — S—_— 
- — — 
72 —_ — 


190 Air weighed in a balance. Lect. 
was that of 88s to 1. The method by which he 
proceeded was the very ſame with ours, and there- 
fore I ſuppoſe you to underſtand it perfeclly. 
But becauſe the recital of it may ſerve to fix it 
the better in your memories, I ſhall' here ſub- 
Join his own account of the whole proceſs. 

„ took, ſays he, a bottle which held more 
*« than 3 gallons; but how much more, we have 
* no occaſion at preſent to take notice of, and of 
«'2 form ſomething oval; which figure I made 
« choice of for the advantage of its more eaſy li- 
c bration in water. Into this bottle I put as much 
te lead as would ſerve to fink it below the ſurface 
« of the water. And the reaſon why I choſe 
<« rather to have the weight of lead encloſed 
« within the bottle, than fixed any where on 
e the outſide, was, to prevent the inconvenien- 
c cjes which in the latter caſe muſt needs have 
« aroſe from bubbles of air: for theſe bubbles 
„would have incvitably adhered to, and lurked 
in great plenty about the body of the weight, 
had it been placed on the outſide, which muſt 
<« have cauſed ſome errors in the computations 
of an experiment that required ſo much exact- 
« neſs and nicety. Theſe things thus provided, 
the bottle containing common air cloſed up, 
« was by a wire ſuſpended in the water, at one 
er end of a very good balance, and was counter- 

* poiſed in the water by a weight of 358 2 grains 
r jn the oppoſite ſcale. Then being taken out 
« of the water and ſcrewed to the pump, in 5 mi- 
* nutes time it was pretty well exhauſted, the 
mercury in the gage ſtanding at near 29 inches. 
5 After which, Inving turned a cock that ſcrew- 


6c © ed 
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< ed both to the bottle and the pump, and fo pre- 
<« vented the air's return into it again, it was 
*« taken off from the pump, and ſuſpended as 
before, at one end of the balance in the water. 


And now the weight of it was but 175 grains; 


* which therefore ſubſtracted from 358 + grains 
(the weight of the bottle with the encloſed air, 
before it had been applied to the air-pump) 


* gave for the difference 183 grains; which dif- 


* ference muſt conſequently be the weight of the 
5 quantity of air, drawn from the bottle by the 
% pump. Having thus determined the weight 
4 of the exhauſted air, the cock was opened un- 
„ der water, upon which the water was at firſt 
5 impelled with a conſiderable violence into the 
< bottle (though this force abated gradually af- 
* terwards) and continued to ruſh in, till ſuch a 
quantity was entered, as was equal to the bulk 
c of the air withdrawn. And then the bottle, 
« being examined by the balance again, was found 
ce to weigh 162132 grains; from which ſubſtract- 


ing 175 - grains (the weight of the bottle with 


„ the ſmall remainder of included air, after it 
«© was taken from the air-pump,) there remains 
* 1619506 + grains, for the weight of a maſs of 
* water equal in bulk to the quantity of air ex- 
* hauſted. So that the proportion of the weights 
< of two equal bulks of air and water, is as 183 
<< to 161956 2, or as 1 to 885. 


There are two things particularly obſervable 
<< in this experiment. Firſt, that in making it af- 


* ter this manner, one need not be very ſolicitous 


„about a nice and accurate exhauſtion of the re- 
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Loser; the ſucceſs of the experiment does not 


Dat all depend upon it; for to what degree ſoever 


et the exhauſtion be made, it muſt ſtill anſwer in 


** proportion to the quantity taken out. Neither 
can any more water poſſibly enter into the re- 


= * ceiyer, than what will juſt ſupply the place, and 


« fill up the room, deſerted. by the exhauſted air. 
«« Davey: the ſeaſon of the year is to be conſi- 
« dered in making this experiment. I made it in 
the warm month of May, the mercury in the 
40 | barometer ſtanding at the ſame time at 29 * 
inches. From whence it is reaſonable to con- 
40 clude, that a ſenſible difference would ariſe, 
« were it to be tried in the months of December 
«or January, when the ſtate and conſtitution of 
* the air is uſually different from What it is in 
< the forementioned month.“ rc ve 
Thus far Mr. Hauſſbee; and here I might: con- 
clude what ſeems to me ſufficient to have heen 


ſaid upon this occaſion. But before I do ſo, it 


may not be amiſs in this place to make our en- 
quiries once more concerning the ſtate of the at- 


moſphere and the different degrees by which the 


air is rareſied at different altitudes above the ſur- 
face of the earth. You remember it was proved 
in the foregoing week, that the denſity of the air 
was diminiſhed in a geometrical eee as the 


metical pro- 
greſſion. The truth of that rule depends upon 


this ſuppoſition, that the gravity of bodies is 7 


ſame at all diſtances from the center of the earth. 
But it has been proved and put beyond IT by 


e gra- 
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vity of bodies is not exactly the ſame at all diſ- 
tances from the center, but is diminiſhed as the 
diſtance increaſes ; ſo that the quantity of it is al- 


ways reciprocally proportionable to the ſquare of 
the diſtance. From hence it eaſily appears, that 


when the altitude of the air above the ſurface of 


the earth, is very great and very conſiderable in 


reſpect of the earth's ſemidiameter, the rule which 
I formerly gave you will be far from being true; 
but if the altitude be ſmall and ineonſiderable, as 
the altitudes of our higheſt mountains muſt be 
confeſſed to be, it will ſtill be ſufficiently exact, 
and as ſuch it is propoſed by Dr. Halley in the 
Philoſophical Tranſactions, and by Dr. Gregory 
in his Aſtronomy, and generally received by 
others without any exceptions. However, it may 


be worth our while to ſee what conſequences will 


ariſe upon the truer hypotheſis, which ſuppoſes, 
as I have ſaid above, the gravity of bodies to be 
diminiſhed in the ſame proportion by which the 
ſquare of their diſtance from the center of the 
earth is increaſed. In treating of this matter, I 
fear I ſhall not be generally underſtood, yet I 
hope I ſhall make the thing as eaſy as the nature 
of it will permit. | 2 
In FIG. 40, let C repreſent the center of the 
earth, CA its ſemidiameter, A a part of its ſur- 


face, and let the line CA D be produced up to 


the extremity of the atmoſphere, In this line ĩima- 
gine the points D, E, F to be placed infinitely 
near to each other, and take as many other points 


d, e, f in ſuch a manner, that the diſtances 4 C, 


C. % C ſhall be reciprocally proportionable to 
the diſtances DC, E C, FC reſpectively, or in 
| 0. ſuch 
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ſych manner, that the diſtances'4C, e C, FC ſhall 


# 4A S 


0 


the diftances of the correſponding greater letters 
from the center are increaſed. | 


Upon the points A, d, e, erect the perpendi- 
culars AB, dp, eq, Fr, and ſuppoſe the length of 
theſe perpendiculars to be proportionable to the 
denfity of the air in A, D, E, F reſpeQively, ſo 
that the denſity of the air at A ſhall be repreſented 
by the SL OED B, the denſity of the air 
at D by the perpendicular 4 p, the denſity at E by 
the perpendicular e , and the denſity at F by Vr. 
Ibis being done, T am now to prove, that if 


the diſtances CF, CE, CD be taken in a muli- 


cal progreſſion, and conſequently the diſtances C. 
Ce, Cd, be in an arithmetical progteſſion, as 

being reciprocally proportionable to the former 
diftances 24), "He perpendiculars Vr, e 4, d p, and 
conſequently the denſities of the air in the places 
F, E, D, which are analogous to the perpendi- 

culars, will be in a geometrical progreſſion. 
In the firſt place then, becauſe the diſtances of 
the leſſer letters from the center, are reciprocally 


as the diſtances of their correſpondent greater 


letters from the ſame, it is manifeſt that Cd is 
to Ce as CE is to CD, and conſequently the 
difference of Cd and Ce is to the difference 
of C E and C D, as Ce to C D, or (becauſe the 
(cs) See towards the end of Lect. xi. 


— 
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CA is to CE. —Bĩ·Ü˙ÜÜA5i' ͤ ⁵˙Ü—os 
It is evident then, that de (the difference of 
Cd and Ce is to D E (the difference of CE and 
C Das GA is to CE. N 
Therefore if the diſtance C E remain unaltered, 
and confequently the proportion of CAꝗ to CE 
remain unaltered, the proportion of Je to DE 
will alſo remain unaltered, and conſequently de 
will be as DE; that is, de will be increaſed and 
diminiſhed in the fame proportion with DE. 
But if DE remain unaltered, becauſe it is al- 
ways greater than de in the proportion by which 8 
6E is greater than C Ag, it follows that de 1 
muſt neceflarily be diminiſhed in the ſame pro- 
portion by which C Eg is increaſed, and increaſed 
in the ſame proportion by which C Eg is dimi- 
niſhed; or in other words, it muſt always of ne- 


ceſſity be reciprocally as CE. 1 
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Whence it follows, that if neither DE nor 
CE remain unaltered, de will be as DE directly 


4 — a 2 
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and as C Eg reciprocally. 1 ; 
But the bulk of air between the places D 

and E is as DE, and the gravitation of the ſame 
is reciprocally as the ſquare of CE, its diſtance 
from the center; theteffre de is as the bulk and 
gravitation together of the ſame; and conſe- 
quently ſince eq is as its denſity, the product of 
de and eg or the area degp will be as the pro- 
e N 2 5 duct 
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duct of its denſity; bulk and gravitation, chat i is, 
as its force to compreſs the inferior air. 
And the ſum of all ſuch areas below dp will he 
as the ſum of ſuch forces of all the air above D, 
that is, as 4p the denſity of the air at D; for you 
know the denſity of the air is always as the force 
which compreſſes it. 

| Since the perpendicular d 5 is as the ſum of all 
the little areas below itſelf, and the perpendicular 
eq, for the ſame reaſon, is as the ſum of all be- 
low its{clf, it follows that the difference of eg 
and d is as the difference of thoſe ſums, 9 925 
difference is the area ed. | 

Thus far then we have ces; we Gn 
found that the difference of the perpendiculars e 
and 4 is as the area eqpd r e 10 thoſe ; 
perpendiculars. 

Let us now ſuppoſe the ditauees CF. 0 B, 

CD, and ſo on, to be taken in a muſical progreſ- 
ſion, and then, as was ſaid above, the diſtances 
CV, Ce, C d, and fo on, will be in an arithmeti- 
cal progreſſion; and therefore all the intervals 
de, e,, will be equal, and conſequently the areas 
eg pd, which have thoſe equal intervals for their 
bales, will be as their altitudes eq. 
Hence the difference of eq and d p, which was 
as the area egpd, will be as eq, and conſequently 
dp will be as eg. In other words, the two per- 
pendiculars, which terminate the little area in- 
claded between them, do every where bear the 
ſame given proportion to each otlier: that is, the 
proportion of Vr to eq is the ſame with the pro- 
PIN of eq to dp, and conſequently the per- 
* 
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pendiculars Fr, eq, dp, and fo on, are in a geo- 
metrical progreſſion. 
But theſe perpendiculars expreſs the denſity of 
the air at the places, F, E, D, and ſo onwards. 
Therefore thoſe denſities are alſo in a geome- 
trical progreſſion, which was the thing to be 
roved. 

| To proceed further; ſince Cd is to CAas CA 
is to CD, it follows that 4d is to AD as CA to 
CD, or in other words, that Ad is leſs than AD 
in the ſame proportion by which the ſemidiameter 
of the earth is leſs than the diſtance of the point 
D from the center. 

Conſequently to find the length of Ad, we 
muſt diminiſh the altitude 4 D in the proportion 
of the ſemidiameter of the earth to the ſum of 
the ſemidiameter and the altitude, for which rea- 
fon I ſhall call Ad the diminiſhed altitude of the 

point D; and upon the ſame account Ae may 
be called the diminiſhed altitude of the point E, 
and Af the diminiſhed altitude of the point F; 
and ſo if 5 be the point which correſponds as 
above to the point H, A will be the diminiſhed 
altitude of the point H. 

Now it is eaſy to obſerve that as the diſtances 
Cd, Ce, Cf are in arithmetical progreſſion, ſo are 
alſo the diminiſhed altitudes Ad, Ae, AM. 

And from hence there ariſes this Theorem. 

That if the diminiſhed altitudes be taken in 
arithmetical progreſſion, the denſities of the air | 
will be in a geometrical progreſſion. | | 

Therefore if the rarity of the air at any one 

altitude; ſuppoſe at H, be known, you may caſil 
enough find its rarity at any other altitude, ſap. 
7s N 3 | poſe 
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poſe at D. For as the diminiſhed altitude of the 
Point H, is to the diminiſhed altitude of the point 

D, ſo will the logarithm of the air's rarity at H, 
which is ſuppoſed to be known, be to the loga- 
rithm of the air's rarity at D, which was to be 


found. | 


The whole difficulty of the buſineſs is there- 
fore reduced to this ; to find the rarity of the air 
at ſome one altitude as at H. This may be done 

as I formerly ſhewed you, by carrying the baro- 
meter to the top of ſome very high mountain, 
and obſerving the deſcent of the quickſilver. Such 
were the experiments made upon the Puy de 
Domme in France and Snowdon Hill in Wales, 
which I made uſe of the laſt week when 1 diſ- 
courſed of this ſubject. DOD A, 
But the method I ſhall now deſcribe to you 1s 
more expeditious, and depends upon the experi- 
ment which we made this day. It appears, as I 
ſaid, by many ſuch experiments compared toge- 
ther, that the weight of the air is to the weight 
of water as 1 to about 8 50. Therefore a column 
of air whoſe height is 850 inches or 70 feet and 
10 inches, will be equal in weight to a column 
of water of the ſame baſis, whoſe height is 1 inch. 
Let us ſuppoſe that A H, the height of the point 
H above the ſurface of the earth is 70 feet and 10 
inches ; then becauſe the ſtandard height of wa- 
ter in the Paſcalian tube is 34 feet or 408 inches, 
and this height of water is a balance to the preſ- 
ſure of the whole atmoſphere upon the ſurface of 
the earth, it is manifeſt that the weight of the 
whole column of air, which is ſuperior to the 
point A, is equal to the weight of a column of 
3 Fu Wa der 
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water upon the ſame baſis, whoſe height is 408 
inches. Take from the weight of the whole co- 
lamn of air, the weight of that part of the co- 

lumn which reaches from A up to H, and which 
was ſhewn to be equal to one inch of water, and 
the weight of the remaining part of the column 
which is above the point H, will be equal to the 
weight of 407 inches of water. Therefore tlie 
force with which the air at A is compreſſed, is 
to the force with which the air at H is com- 
preſſed, as 408 to 407 ; and the rarity of the air 
at H, is to the rarity of the air at A, in the ame 
proportion. e 54 LOL be 
You may perceive that this method ſuppoſes 


the air to be of the fame denſity in every part of 


the ſpace A H, which is not exactly true; but 
in ſo ſmall an altitude as that of 70 feet, the 
error is altogether inſenſible. However, if you 
have a mind to proceed with the utmoſt accu- 
Tacy, you may do ſo, by making the altitude AZ 
as {mall as you pleaſe a). 1 


(a) Both in this and the former ſolution, pag. 122, it ap- 
pears, that to find the air's rarity at any propoſed altitude, it 
is neceſſary firſt to determine it by experiment at ſome one 
altitude. But the Author has improved theſe ſolutions in his 
Harmonia Menſurarum, ſo as to find the rarity at any pro- 
poſed altitude without that determination; which may be 
looked upon as no ſmall curioſity, and alſo as a particular 
proof, among many more in that admirable book, of the 
great excellency of the Author's general method of reducing 


roblems to the Meaſures of Ratios and Angles, and thence 


immediately to the tables of Logarithms, Sines and Tan- 
gents; as being the ſhorteſt and eaſieſt way, both in theory 
and practice, to an actual ſolution. As an inſtance of this 1 
will give his ſolutions of the problem before us, in the form 
of the following Rules for computation, omitting the geome- 
n 4 | trical 
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„0 f velocity and manner of Propagation. 


A ROM the experiments we had hens Skin 
it is eaſy to infer this conclufion, that the 
air is that medium by which all ſounds! are pro- 
pagated from ſonorous bodies and conveyed to our 
ears. As the air was in part exhauſted from our 
receiver, ſo was the ſound of the bell proportion- 
ably. diminiſhed ; and when we ſeemed to have 
made an almoſt perfect evacuation, the ſound alſo 


trical repreſentation of them as requiring a previous know- | 
ledge of the Author' s definitions of the meaſures abovemen- 
tioned. | 
P utting 1 for the gain of the rarity quired: at any pro- 
poſed altitude a, mn for the conſtant logarithm o. 4342944819, 
91 for the height of an homogeneal atmoſphere, reduced every 
where te the denſity of the air we breath, and s for the ſe- 
midiameter of the earth ; upon the h ypotheſis of an uniform 


gravity of the air at all altitudes, we have / — * a; but 
upon the true hypotheſis of a decreaſing gravity, as the ſquare 


of the diſtance mi the center inereaſes, we have [= 


1 14 5 
5 +a-- 5 | 
In the ſame bog the Aa has alſo given us a peneral 
' ſolution of this problem, as ſimple as theſe particular ones, 
ſuppoling gravity to be as any given. Ones of the diſtance 
from the center. | 

The Author's me of the height þ in p. 116 is 29254 
feet; Sir Iſaac Newton makes it 29725 feet, taking his quick- 
ſilver to water as 135 to 1, and water to air as 870 to I, when 
that quickſilver is 30 inches high in the barometer, T. 
Ar lib. 2. prop. 50. Schel. , 


. 


. 


at the ſame time ſeemed almoſt entirely to ceaſe. 
On the other hand as the quantity of the air was 
augmented by the condenſer, the ſound received a 
like augmentation, and as the augmentation of 
the air became yet greater, ſo did that of the 
ſound alſo, and ſeemingly in the ſame meaſure. 


It is therefore highly reaſonable to conclude, that 
the air is the true and only medium by which alt 
ſounds are propagated from one place to another; 
for the cauſe muſt. anſwer to its effect, and the 
effect to its cauſe; as the one is augmented or 
diminiſhed, ſo muſt the other neceſſarily be aug- 
mented or diminiſhed in the ſame proportion. 
But it may perhaps be ſaid, that the air con- 
curs only to the production of ſounds and not to 
their propagation. For poſſibly by the abſence of 
the air, the ſonorous body may undergo ſuch a 
change in its parts, as to be rendered incapable of 
being put into thoſe motions which are abſolutely 
requiſite to excite in us the ſenſation of ſound. 
This, I fay, may perhaps be objected to us, and 
if we admit the objection, it muſt. be confeſſed 
that our experiments do not prove ſo much as 
was intended to be collected from them. For my 
part I muſt acknowledge that the ſuppoſition up- 
on which this objection proceeds, is to me alto- 
gether inconceivable; for according to my ap- 
prehenſions of the matter, the preſence of the air 
ſhould rather obſtruct and in time deſtroy thoſe. 
tremulous motions of the ſonorous body, than any 
way contribute to their production. However, 
for your further ſatisfaction, I ſhall here add an 
account of an experiment made ſome years ago by 
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202 Propagation of ſounds Led: 
Mr. Houkſbee, and publiſhed in the Philoſophical 
Tranſactions; by which it will appear that ſounds 
actually ne cannot be tranſmitted through 
à vacuum. 
ler 1 book, ſays be, a ſtrong receiver armed with 
a braſs hoop at the bottom, in which 1 included 
ea bell as large as it could well contain. This re- 
4 ceiver I ſcrewed ſtrongly down to a braſs plate 

« with a wet leather between, and it was full of 
common air, which could no ways make its eſ- 
% cape. Thus ſecured it was ſet on the pump, 
«where it was covered with another large receiv- 
*.er. In this manner the air contained between 
the outward and inward receivers was exhauſt- 
e ed. Now here I was ſure, when the clapper 
% ſhould be made to ſtrike the bell, there would 
< be actually found produced in the inward re- 
*,ceiver; the air in which was of the ſame den- 
« fity with common air, and could ſuffer no alter- 
* ation by the vacuum on its outſide, ſo ſtrongly 
% was it ſecured on all parts. Thus all being rea- 
« dy for trial, the clapper was made to ſtrike the 
* bell; but I found that there was no tranſmiſ- 
« Gon of it through the vacuum, though I was 
* ſure there was actual found produced in the 
« inward receiver.” And from this experiment 
he very juſtly concludes, that air is the only me- 
dium for the propagation of ſounds. _ 

\Now to make us underſtand the manner b 
which this propagation is performed, philoſophers 
have generally had recourſe to that very obvious 
inſtance of a ſtone, or any other heavy body, 
thrown into a pond of ſtagnating water, For as 


the 


: the ſurface of the water forms itſelf into circular 


waves, which are ſucceſſively propagated from 


the ſtone as from a center, and are contin 
_ dilated in their progreſs, becoming ſtill greater and 
greater as they are further removed from the cen- 
ter, till at laſt they reach the banks of the water 
and there yaniſh, or daſhing themſelves againſt it 
are reflected back again; ſo they tell us, that the 
tremulous motion of bodies which is requiſite for 
the production of ſounds, does excite in the air 
the like undulations, which are alſo propagated to 
very great diſtances in ſucceſſive rings, every way 
incompaſſing the ſonorous body ; and theſe un- 
dulations meeting with our organs of hearing, im- 
preſs upon them a certain tremor, which does ne- 
ceſſarily excite in our minds the ſenſation of ſound. 
It muſt be allowed, that this example is proper 
enough to illuſtrate and repreſent to us thoſe invi- 
ſible motions of the air, by which the conveyance 
of ſounds is made from one place to another. But 
the compariſon ought not to be carried on too far; 
for it is very certain it will not hold good in every 
reſpect, and ſome philoſophers of great note have 
overſhot the mark by endeavouring to make out 
a more exact correſpondence than was needful. 
I | ſhall here take notice only of two particulars, 
in one of which an agreement may be obſerved 
in theſe motions of air and water; in the other 
a diſagreement. It is eaſy to perceive upon the 
ſurface of ſuch a pond as I have been ſpeaking of, 


that the watry undulations are propagated not 


only directly forwards, but if any obſtacle happen 
to be placed in their way fo as to obſtruct their 
„ | | | progreſs 
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204 Propagation of ſounds Lect. 
progreſs, they will bend' their courſe 'about the 
ſides of the obſtacle, and dilate. themſelves by an 
oblique motion, into that part of the pond which 
lies immediately behind the obſtacle; which part 
of the ſurface of the pond muſt have remained 
erfectly ſmooth, and could never have partici- 
pated of this undulating motion, if it were not 
otherways propagated than by ſtraight lines pro- 
ceeding directly from the central body which firſt 
excited it. Imagine a partition to be drawn croſs 
the pond, from the one ſide of it to the other, by 
which it may be divided into two parts, and in the 
middle of this partition conceiye a ſmall aperture 
to be made, by which the water on the one fide 
of the partition, may have a communication with 
that on the other ſide of it. Then if the water on 
either fide be put into an undulating motion, the 
waves will continue to extend themſelves till they 
arrive at the partition, and there will in part be 
reflected back again, and in part be permitted to 
paſs through the aperture; and after their paſſage 
you will perceive them to be regularly dilated 
from the aperture as from a center, and to ſpread 
themſelves over the whole ſurface of the pond 
which lies behind the partition; not by a direct 
motion from the place in which they were at firſt 
excited, for this cannot be by reaſon of the parti- 
tion, but by an oblique and lateral progreſs, their 
courſe being bent as they paſs through the aperture. 
In the fame manner it may be obſerved, that 
thoſe undulations of the air by which founds are 
conveyed from place to place, are not only 85 
pagated in ſtraight lines, proceeding directly fro 4 
* 


ww 


x through. bie ar. 20 * 


the ſonorous body, but if any obſtacle happen to 
be interpoſed, they alſo bend their courſe about 
the obſtacle, and arrive at the ears of the hearer 
by an oblique motion. Thus two perſons may 
very well hold a diſcourſe with each other, though 


a very high wall be between them, and it is cer- 


tain the ſound in this caſe is not carried from the 
one to the other by a direct motion, but after it 
has aſcended from the ſpeaker to the top of the 
wall, its courſe is there bent, and fo it proceeds 
down. again to the hearer. 

Thus if a gun be diſcharged on the c one ſide of 
a mountaio, we may eaſily hear the ſound of it 
on the other fide; though it be very certain that 
this ſound could never reach our ears unleſs. it 

were propagated. obliquely over the top of the 
mountain, or by the ſides of it. That theſe things 
are matter of fact every body's own obſervation 
will convince him. But philoſophers are ſome= 


times led on by prejudice, to argue even againſt 


matter of fact. That we may therefore oppoſe 


them in their own way, it will be worth our 
while to examine a little into the nature of the 


thing, and to {ee what concluſion we pay poth- 
bly infer from thence. _ 

In order to this 1 ſhall in the firſt place l 
vour to repreſent to you, as clearly and diſtinctly 
as I can, the manner by which theſe undulations 
are produced in the air and continued; ſor thoſe 
upon the ſurface of water need not here be any 
further . inſiſted on, their oblique , propagation 


ſeeming. indeed never to have been called into 


queſtion. bed] 
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206 rng of ſounds | Leck. 
We are therefore to underſtand, that e parts 
of the ſonorous body, being put into-a tremulous 
and vibrating: motion, are by turns moved for- 
wards and backwards. Now as they go forwards 
they muſt of neceſſity preſs upon the parts of the 
air to which they are contiguous, and force them 
alſo to move forwards in the ſame direction with 
themſelves ; and conſequently thoſe contiguous 
parts will at that time be condenſed; then as the 
parts of the ſonorous body return back again, the 
parts of the air which were juſt before condenſed, 
will be permitted to return with them, and by 
returning they will again expand themſelves. It 
is manifeſt therefore, that the contiguous parts 
of the air will go forwards” and bickwards by 
turns, and be ſubject to the like vibrating mo- 
tion with the parts of the ſonorbus body: 
And as the ſonorous body produces a vibrating | 
motion in the contiguous parts of the air, ſo will 
theſe parts thus agitated, in like manner produce 
a a vibrating motion in the next parts, and thoſe in 
the next, and ſo on continually. And as the firſt 
parts were condenſed in their progreſs and relaxed 
in their regreſs, ſo will the other parts, as often 
as they go forwards, be condenſed, and as often 
as they go backwards, be relaxed. And therefore 
they will not all go forwards together and all go 
backwards together; for then their reſpective 
diſtances would always be the ſame, and conſe- 
quently they could not be rarefied and condenſed 
by turns; but meeting each other when they are 
condenſed, and going from each other when they 
are rarefied, they mult neceſſari] y one Fe of them 


n go 


1 through, the air. 207 


5 80 forwards. hilt the other goes. backwards, by 
alternate changes from the firſt to the laſt. 
Now the parts which go forwards, and by g= 
ing for wards are condenſed, conſtitute thoſe pulſes 
which ſtrike upon our organs of hearing and other 
obſtacles they meet with; and therefore a ſuc- 
ceſſion of pulſes will be propagated from the ſo- 
norous body. And becauſe the vibrations of the 
ſonorous body follow each other at equal, inter- 
vals of time, the pulſes which are excited by 
thoſe ſeveral vibrations will, alſo ſucceed each 
other at the ſame equal intervals. You ſee then 
that the undulations of the air conſiſt in a ſuccęſ- 
five and interchangeable rarefaction and oonden- 
ſation of its ſeveral parts, as thoſe of water con- 
ſiſted of ſucceſſive and interchangeable, aſcents, 
and deſcents of the ſeyeral parts of the water: the 
pulſes or denſer parts of the air correſpond to the 
aſcents of the water, and as thoſe elevated parts, 
of the water deſcend again by, the force of their 
gravity, ſo theſe: denſer parts of the air expand. 
themſelves again by the force of their elaſticity... 
This further may be obſerved, that though the, 
pulſes are carried on to very great diſtances by a, 
direct progreſſive motion, yet the ſpaces in which. 
the parts of the air perform their vibrations, may. 
be very ſmall and inconſiderable. To propagate, 
the pulſes, it is not requiſite that the whole body, 
of the air ſhould be moved on directly forwards. 
as in the caſe of winds ; for by ſuch a motion, as 
was ſaid above, the ſeveral parts of the air would; 
always retain their reſpective diſtances from each 
a and e they could not be ſucceſ- 
| ſively 
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208 Propagation of ſounds L ect. 
fively and interchangeably rarefied and condenſ- 
ed, and thereby no pulſe would be made. It is, 
therefore abſolutely neceſſary that they move 
backwards and forwards by turns; and how ſmall 
ſoever the ſpace is in which their vibrations are 


performed, it will be ſufficient to cauſe a ſuc- 


* 


ceſſive condenſation of the parts; in which ſuc- 
ceſſive Condenſation. the progrels of each pulſe 
conſiſts, 

It now remains to be proved that theſe pale 

d undulations are propagated not only directly 
283 according to the tendency of the mo- 
tion of the parts of the ſonorous body, but ſide- 
ways alſo, ſpreading themſelves obliquely into 
the neighbouring regions of the air,, which 
would otherwiſe remain at reſt, as lying out of 
the tract of their direct motion. This neigh- 


bouring air, which borders on the ſides or edges 


tween the pulſes. 


of that tract, being in its natural ſtate of expan- 
fion, will be rarer than the air which makes the 
pulſes, .and denſer than that in the intervals: be- 
It muſt therefore neceſſarily 


come to pals, that the air of the pulſes will ex- 


pand itſelf laterally into thoſe parts of the bor- 


dering ſpaces which are over againſt the pulſes, 
and thoſe parts of the bordering air, which are 
over againſt the intervals of the pulſes, will for 
the ſame reaſon dilate themſelves laterally into 
the intervals; and thus the. bordering air will 
become denſer over againſt the pulſes, and rarer 
over againſt the intervals, and ſo partake of that 
undulating. motion which was at firſt 1 


Wen from the 8 body. 


- And 


And as * Air en inen borders 

the tract of direct motion, owes' its undu- 
: — 5 to the air contained in that tract, ſo does 
it after the ſame manner communicate the like 
undulations to the air which is next to it on the 
other ſide, and that communicates the like to the 
next, and ſo on continually. And thus thè un- 


dulations are propagated into all the neighbour- 


ing regions; not always indeed by a motion 
ceeding in ſtraight lines from the 8 


but if thoſe regions happen to lie out ᷑ the tra 
of direct motion}: or to be placed behind ſome 


obſtacle; the propagation is made by ſuch a lateral 


and oblique diffuſion as has been above deſcribed. 
It is evident therefore from the confideration of 


their nature, as well as from experiment and 


matter of fact, that theſe aery undulations agree 


with thoſe of water in being propagated not only 


directly forwards, but alſo obliquely, ſo as there- 


by to pervade the ſpaces which lie behind any 


obſtacle which may be oppoſed to their progreſs." 


And the fame may be ſaid of any other ſort of 


motion or preſſure which is conveyed by the in- 
tervention of any fluid. And. this was the firſt 
of thoſe two particulars which I eee fit to 


take notice of. 


If che account I have been giving of this mat⸗ 
ter, from the philoſophy of Sir Jaac Newton, 
may any way contribute to a clearer conception of 
the manner by which ſounds are tranſmitted 
through the air, it will be no loſs of time to have 

infiſted ſo long upon it. But beſides this advan- 


"0 : had further in my view the deciſion of a 
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notable queſtion among philoſophers, concerning 
the propagation of light. Some have thought 
that the body of the ſun does all around it, in- 
ceſſantly caſt out from itſelf, with an almoſt in- 
credible ſwiftneſs, - thoſe very fine and delicate 
particles of matter, which after they have tra- 
verſed fo vaſt a diſtance, impreſs upon our organs 
of ſeeing that peculiar motion which is requiſite 
to excite in our minds the ſenſation of light. 


Others on the contrary, and thoſe the more nu- 
merous, have believed that the lucifick particles 


which immediately affect our ſenſe of ſeeing, are 
by no means themſelves derived from the body 


of the ſun, but their motion only; and this mo- 


tion they imagine to be communicated to them 
from the ſun by the mediation of a very ſubtle 
and ætherial fluid, whereof they themſelves 
make a part. 

Des Cartes indeed, who held a plenum, thought 


it ſufficient to make the action of light conſiſt in 


a preſſure only; which he conceived to be inſtan- 
taneouſly conveyed from the ſun' by means of 
that plenum. But this notion was afterwards con- 
futed by a ſurprizing diſcovery of Mr. Roemer, 
who made it evident from obſervatiens of the 


eclipſes of Jupiter's ſatellites, that the propaga- 


tion of light was not inſtantaneous, though its 
ſwiftneſs was found to be almoſt beyond compre- 
henſion, as requiring no longer a time than that 
of half a quarter of an hour to paſs from the ſun 
to the earth, which ſpace a cannon ball would be 


25 years in deſcribing. 


3 Hugenius propoſed a new kypottic- 
is, 


— 
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lis, in PEEL he ſuppoſes this very ſwift, but not 


| inftantaneous motion to be propagated from the 
ſun by ſucceſſive undulations of the æther, in all 
reſpects alike to thoſe of the air, by which the 


motion of ſounds. is tranſmitted from ſonorous 


bodies. When we take a particular view of the 


ſeveral parts of this hypotheſis, it appears to be 


ſo very ingeniouſly contrived, and ſo handſomely 
put together, that one can hardly forbear to wiſh 
it were true. But it is very manifeſt, from the 


obſervation I have lately been making, that nei- 
ther this nor any other hypotheſis can be ſo, 


which. ſuppoſes the progreſs of light to depend 
only upon the agitations of a fluid medium, con- 


veyed ſucceflively from the luminous body to our 
ſenſes. For if any ſuch hypotheſis were true, the 
conſequence of it would be this, that light would 


not go directly forwards in ſtraight lines from 
the luminous body, but might alſo diffuſe itſelf 
obliquely, after the manner of ſounds, when any 
obſtacle. happened to be interpoſed, and ſo it 
might dilate its ſelf into the ſpaces which lie be- 
bind the obſtacle; and thus we-ſhould have a 
perpetual day even at midnight, and a total. e- 
clipſe of the ſun's light would be a thing altoge- 
ther impoſſible. I might here add ſome W 
conſiderations concerning the motion of light, 
but ſince I cannot do it without making this di- 
greſſion too long, I ſhall omit it and return to the 
ſubject I have undertaken. 

The ſecond particular then, which I propoſed 
to take notice of, was concerning a certain diſa- 
| W of the undulations of air and thoſe up- 

| . on 
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* Propagation of ſound, Lea. 
on the ſurface of water; I mean in reſpect of the 
velocity with which they are moved forwards. 
It has been found by many repeated obſervations, 
and is generally agreed on, that all ſounds are 
' tranſmitted through the air with one certain, de- 
terminate velocity; the greatneſs or ſmallneſs of 

the ſound not in the leaſt contributing to the ac- 
celeration or retardation of its motion. Now it 
might be expected that the undulations of water 
ſhould alſo, in like manner, ſpread themſelves 
from the central body, which excited them, how | 
different ſoever the weight, magnitude and force 
of that central body might happen to be, with 
one fixed and determinate velocity, though that 
velocity were different from the velocity of ſounds, 

as being propagated through a different medium. 
_  Gaſſendus indeed, who imagined a perfect cor- 
reſpondence between theſe waves of water and 
thoſe of the air, by which ſounds are conveyed, 
was of opinion that the matter ſtood thus: but 
his opinion has juſtly been cenſured by the fa- 
mous Florentine Academy del Cimento, who 
found it would not anſwer upon trial. They tell 
us on the contrary they have obſerved by ele 
experiments, that by how much the ſtone is 
larger, and the force greater wherewith it is 
thrown into the water, by ſo much the circles 
approach the ſhore ſwifter. 

Sir aac Newton in his excellent Principia Phi- 
Igſepbiæ has carried this matter ſomewhat further. 
He conſiders the nature of theſe waves and the 
manner by which they are formed; and from 

that conſideration he determines their velocity 
5 a priori, | 


xv. - through the air. 213 
4 priori. His concluſion is this, that as theſe 
_ circles are excited by a greater force, and conſe- 
quently their diſtances from each other become 
greater, their velocities will be increaſed in a ſub- 
duplicate proportion of their diſtances. Thus if 
the force be increaſed ſo much, that the diſtances 
of the waves become four times as great as be- 
fore, their velocities will be double; if the diſ- 
tances become nine times as great, the velocity 
will be triple; if the diſtances are fixteen times 
as great, the velocity will be quadruple, and ſo 
on. And more particularly he ſhews that the 
velocity in all caſes is ſuch, that if the length of a 
pendulum be taken equal to the diſtance of the 
waves, thoſe waves will deſcribe a ſpace equal to 
their diſtance whilſt that pendulum performs its 
Vibration. And. therefore if the diſtance of the 
waves be 29.2 inches, they will deſcribe that ſpace 
in a ſecond of time; but if the diſtance be great- 
er or leſs'than 39.2 inches, the ſpace deſcribed in 
a ſecond of time will be augmented or diminith- 
ed in the ſubduplicate proportion of that by 
which the diſtance is augmented or diminiſhed. 
His manner of making out theſe concluſions is 
very curious, and I believe I might render it ſuf- 
ficiently intelligible; but fince it is not abſo- 
lutely neceſſary to my purpoſe, I rather chuſe to 
refer you to his book. That which more imme 
diately belongs to our preſent conſideration, is the 
velocity of ſounds, and this is alſo determined @ 
priori, from its cauſes, by the ſame incomparable 


philoſopher. The train of reaſoning which he 


makes uſe of on this occaſion is ſo wonderfully 
ſubtile and requires fo very cloſe an attention, that 
| 9 3 a I think 
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atmoſphere which was before mentioned. 


Lea. 


I think it not proper in this place to enter into 
every particular of it; and it may perhaps be ſuf- 
ficient to underſtand 3 in . the method by 
which he proceeds. 

You have already ſeen, that in 1 to form 


thoſe undulations which are requiſite for the con- 


veyance of ſounds, every particle of the air muſt 
be moved forwards and backwards by turns, 


within a certain very ſmall ſpace. He goes on 


yet further, and ſhews that this progreſſive and 
regreſſive motion is not uniform, but is by de- 
grees accelerated and retarded; and in particular 
that the laws by which this acceleration and re- 
tardation is regulated, are exactly the ſame with 
thoſe to which the motion of a pendulum is ſubject. 
This being derhonſtrated, he conceives the at- 
moſphere to be reduced to ſuch an uniform ſtate, 
that its denſity in every part of it may be the ſame 
with the denſity of the air at the ſurface of the 
earth. The height of the atmoſphere fo reduced, 
you remember, was formerly proved to be about 


5 miles. To this height he imagines a pendu- 
lum to be equal in length, and then making his 


enquiry concerning the proportion of the times 
in which the airy particles and that pendulum 
perform their reſpe&tive vibrations, by comparing 
the ſpaces deſcribed and the forces with which 
they are deſcribed together, he finds that the time 
of the particles of air, is to the time of the pen- 
dulum, as the diſtance of the waves of air from 
each other, or the latitude of the pulſes, is to the 
circumference of a circle whoſe ſemidiameter is 


the length of the pendulum, or that height of the 


Now 


xv. . through the air. erg 


Now the pulſes by going forwards deſcribe a 
ſpace equal to their latitude in the time that each 
particle of the air performs its courſe. | 
Therefore the time in which the pulſes de- 
ſcribe their own latitude, is to the time in which 
the pendulum performs its vibration, going for- 
wards and returning back again, as the latitude 
of the pulſes, is to the above-mentioned circum- 
ference. = ö 
And from hence he deduces this concluſion; 
that the velocity of theſe aery pulſes, or which is 
the ſame thing, the velocity of ſounds, is of ſuch 
a quantity, as to deſcribe a ſpace equal to the cir- 
cumference.of a circle whoſe ſemidiameter is the 
height of the atmoſphere, in the time that a pen- 
dulum, whoſe length is the fame with that 
height, performs its vibration, by going for- 
wards and returning back again> Or to expreſs 


the ſame thing by a ſomewhat different but eaſier 


manner, that the velocity of ſounds is equal to 
the velocity acquired by an heavy body in falling 
from half that height of the atmoſphere, ſup- 
poſed to be of the ſame uniform denſity in all 
its parts. 5 ” 

From this concluſion he proceeds to his com- 
putation, and after all due allowances are made, 
he finds that the number of feet which ſounds 
deſcribe in a ſecond of time, is 1142; which 
agrees with the moſt exact obfervations. And 
this again is another full and perfect proof, that 
the air alone, and not any other more ſubtile 
fluid, which may be imagined to be interſperſed 
through the body of it, is the proper vehicle of 
ſounds. | | 5 
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216 Propagation of ſounds Lect. 

It muſt indeed be confeſſed; that thoſe who 
have obſerved the motion of ſounds, have not al - 
ways agreed in their meaſures ;+but then their 
diſagreement is to be aſcribed to a want of exact- 
neſs in the methods they uſed, or to the ſmallneſs 
of the diſtances at which their trials were made. 
I ſhall here give a relation of ſome obſervations 
which may beſt be depended on. 

Caſſini, Picard and Roemer, three dent 
members of the French Academy of Sciences, 


made their experiment at the diſtance of about a 


mile and an half, and found that the ſpace de- 


ſcribed in a ſecond of time was 1172 feet. The 


Florentine Academy del Cimento made their trial 
at the diſtance of about 3 miles, and found that 
the ſpace deſcribed in a ſecond of time 3 | 


1148 feet. Dr, Halley and Mr. Flamſteed, b 


an obſervation made at the ſame diſtance * 
cluded upon 1142 feet. And this laſt deter- 
mination is confirmed by the moſt exact en - 
quiries of the Reverend Mr. Derbam Rector of 
Upminſter in Eſſex, and Fellow of the Royal So- 
ciety, who has lately publiſhed in the Philoſophi- 
cal Tranſactions, a particular treatiſe upon this 
ſubject; giving an account of ſeveral obſervations 
made by himſelf with the utmoſt care and dili- 


gence, for the ſpace of three years together, at va- 


rious diſtances from one mile to more than twelve. 
We may therefore very ſafely conclude, that the 
velocity of ſounds is of ſuch a quantity, as to de- 
ſcribe very nearly 1142 feet in a ſecond of time. 

1 fay very nearly, becauſe it ĩs certain this velo- 
city may be a little augmented or diminiſhed by 


favouring or contrary winds, and by heat or cold, 


Tor. | | notwithſtandin 8 


— 
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notwithſtandin g what ſome philoſophers have faid 
to the contrary. It is very well known, that winds 
are nothing elſe but a body of the air moved for- 
wards, ' with a direct progreſſive motion. If 
therefore that body of air be moved the ſame 
way with the pulſes of found contained in it, 
the pulſes by participating of that motion, will 
be accelerated, if the contrary way, the pulſes 
will be retarded ; fo that the velocity of the 
found will in the former caſe be augmented, in 
the latter be diminiſhed, juſt ſo much as the ve- 
locity of the wind amounts to. 
The Florentine Academy and ſome others, 
who have deſignedly made experiments for this 
re ns have not been able to obſerve that winds 
ad any ſenſible influence upon the velocity of 
ſounds ; and thence it came to be generally be- 
lieved, that there was not any the leaſt accele- 
ration or retardation upon that fcore. But Mr. 
Derham has at length undeceived us. He aſ- 
ſures us, that by many certain obſervations he 
has found an alteration of ſwiftneſs, which though 
it be ſmall, is yet ſufficiently ſenſible in thoſe 
very large diſtances at which he made his trials. 
He tells us he has alſo made many experiments 
concerning the velocity of winds, and in parti- 
_ cular he ſays, that a ſtorm fo exceedingly violent 
as almoſt to overturn a windmill, which ſtood 
near the place where he made his obſervation, 
was found by many repeated trials to move not 
above 66 feet in a ſecond. Whence it is eaſy 
to underſtand” that more moderate winds can 
cauſe but a very {mal change in the velocity of 
ſounds. a 


Let 
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Let us now go on to conſider the effect of heat 
and cold. Since by heat the air contiguous to the 
ſurface of the earth is expanded, it is manifeſt that 
the height of the atmoſphere, ſuppoſed to be 
every where of the ſame denſity with this conti- 
guous air, will be increaſed in proportion to that 
expanſion; and therefore the velocity of ſounds, 
which 1s equal to the velocity acquired by an hea- 
vy body in falling from half that height, will be 
increaſed in a ſubduplicate proportion of the ſame 
expanſion. And the like may be ſaid as to the 
eftect of cold, namely, that the velocity of ſounds 
will thereby be diminiſhed in a ſubduplicate pro- 
portion of the air's contraction. 1 
Hence from ſome obſervations made + a the 
expanſion and contraction of the air from its 
greateſt degree of heat in our climate, to its 
greateſt degree of cold, I find that the middle 
velocity of ſounds may be increaſed or diminiſh- 
ed about a thirtieth part of the whole; and by 
that means they may move about 38 feet more, 
or ſo much leſs than 1142 feet in a ſecond of time, 
accordingly as the ſeaſon is either hot or cold to 
an extremity (a). ns 

(a) By Mr. Haulſbec's experiments (Phil. Tranſ. Ne 315.) 
the proportions of the greateſt, middle and leaſt expanſions 
of common air in this climate, are exprefled by theſe num- 
bers, 144, 13<, 129,, which are as theſe numbers, 32, 30, 
28, as appears by dividing by 4, 5. Suppoling then the 
middle height of the uniform atmoſphere to contain 3o equal 
parts, the greateſt height will be 32 and the leaſt 28 fuch 
parts. Therefore by what has been ſaid above, the middle 
velocity of ſounds will be increaſed in the ſubduplicate ratio 
of 30 to 32, that is, in the ratio of 30 to 31 very nearly; 
which- increaſe is 2s of the middle velocity, or 0 of 1142 


feet, or 38 feet in a ſecond of time; and ſo much may the 
middle velocity be diminiſhed. - : 
921 Mr, 
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Mr. Der bam tells us he could never obſerve 


any change of velocity occaſioned by heat or 


cold, but we ought not from thence to conclude, 
againſt the theory, that there is none. I am un- 


willing to queſtion either his diligence or fide- 
lity, and therefore I chooſe rather to ſay, that 


poſſibly at the times when he made his trials, 
the quality of the ſeaſon might not be very in- 
tenſe, and conſequently the change might be ſo 
ſmall as to eſcape his obſervation ; which may 


eaſily be admitted, fince at the utmoſt it amounts 


but to the thirtieth part of the whole velocity. 

What he further adds, concerning the variation 
of the height of the mercury in the barometer, 
namely, that this has no influence upon the motion 
of ſounds, may be depended on with more ſecu- 
rity ; for this is alſo confirm. d by the theory. 

It is certain that the height of the atmoſphere, 
ſuppoſed to be reduced to the ſame ſtate of den- 
fity with the air we breath in here below, is not 
any ways altered upon thoſe variations of the ba- 
rometer. For though the quantity of that uni- 
form atmoſphere be often changed, yet ſetting 
aſide the conſideration of heat and cold, the den- 
fity of it is always changed in the ſame propor- 
tion, and therefore the height of it does always. 
remain unaltered ; and conſequently the velocity 
acquired by falling from half that height, which 
is equal to the velocity of ſounds, does alſo re- 
main unaltered. 


Hence it is eaſy to underſtand, that the tranſ- . 
miſſion of ſounds is equally ſwift through a rarer 


or denſer air, ſuppoſing the elaſticity of it to be 
eee or diminiſhed 1 in the ſame proportion 
| with 
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with its denifity ; which always comes to paſs, 
excepting when that proportion is a little diſturb- 
ed by heat or cold. I ſhall here conclude what 
I think ſufficient to have been ſaid concerning the 
ens of ſounds; 


. LECTURE XVI. 


Air ſometimes generated, ſometimes conſumed ; the 
nature of. Fattitious airs; exploſions in VACUO, | 
ns ſolutions, fermentattons, 8 2 | | 


HOUGH the experiments! we ae Wen 
making are ſufficient to convince us, that 
air may in very great quantities be produced from 
bodies which ſuffer any conſiderable alteration in 
the texture of their parts, whether that altera- 
tion be made by almoſt inſenſible degrees, as in 
putrefactions and very flow fermentations, or 
whether it be made more ſwiftly, as in ſome diſ- 
ſolutions, or even almoſt inſtantaneouſly, as in 
the exploſion of gunpowder ; yet for the won- 
derfulneſs of it, I ſhould have added one further 
trial made ſome time ago by Dr. Slare, had not 
the danger of it deterred me from attempting to 
repeat it. His own account of the experiment 
is as follows. 
„We took, ſays he, half a "FE of the oy! of 
& carui-ſeeds and poured it into a little nally: pot, 
and put a dram of our compound ſpirit of nitre, 
in a ſmall vial, into the fame gally- -pot, and 
placed over it a glaſs that held three pints upon 
Mr. Patius exhauſting engine; and having 
's, ſoon cl-ared it of the air, we turned up the vial 
+7 @ 6c in 


— 
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“in order to ſee what effect would enſue, in the 
e vacuum, upon this mixture; but in the twink - 
< ling of an eye the receiver was blown up, and 
te the mixture in a flame, which ſtupendous phæ- 
* nomenon ſurpriſed and frightened us all. Nor 
e did Jever ſee or hear the fike by any mixtures 
* made in vacuo, though I have myſelf ſeen a 


© thouſand. For if we look into thoſe many ad- 


*< mirable experiments made by the immortal Mr. 
% Boyle, the removal of the air did almoſt always 
* extinguiſh light and fire and flame. Theblowing 
up of the glaſs does alſo make the experiment 
** the more aſtoniſhing, and puzzles one how to 
© account for ſo great a quantity of air as was pro- 
© duced from theſe liquors, which amounted on- 
* ly to a dram and an half; for here was required 
* not- only air enough to fill up the capacity of 
«the vellel, but alſo there was required ſo great a 


e preflure within, as did exceed that great incum- 


bent weight of air that preſſed upon this capa- 
** clous glaſs without, whoſe diameter was fix 
inches and the depth above eight; for other- 


e wiſe it would not have thrown it up into the 


* air, If we review and conſider well the phe- 
* nomena of this experiment, we may find the 
_ © reſiſtance of ſome hundred weight, that was 
** countervailed, and not only fo, but with a much 
** greater force exploded. That it was not pro- 
s duced by any expanſion of the common. air, 
for that was ſeen to riſe. out of the liquors 
e themſelves and was drawn out of them in their 
* ſeparate ſtate by the exhauſting engine, which 
n ſuffers no elaſtical air to lie concealed in any 
* liquors, That it was produced in an inſtant 
; | 66 by 
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* by the mutual colliſion and agitation of theſe 
4% Active and ſelf- expanding liquors. That it was 
* not abſolutely generated de novo, but that the 
tc air was antecedently there, we may reaſonably 
© believe, although in a very differing ſtate from 
* what it is when in pleno. For all that the ex- 
« hauſting engine does, is to deliver the air from 
« a ſtate of compreſſion, by leaving it to ſtretch 
es itſelf like a bladder, that has full liberty to ſwell 
4 up, and has no hard body to ſtreighten or op- 

te poſe its expanſion: ſo that we have cauſe to 
* conclude our liquors to be furniſhed with this 
+ ſort of air, which being by the accenſion of theſe 
* two liquors put to a new and violent motion, 
«does expand itſelf Je novo, and to that degree 
* as to anſwer ſo great an effect as is above- men- 
* tioned, The circumſtances of which phæno- 
& menon will allow me to call this mixture a ſort 
&* of liquid gun-powder.” Thus far Dr. Share. 
I ſhall now proceed to give you an account of 
thoſe curious and uſeful obſervations of Mr. Boyle, 
which make up the ſecond Continuation of his 
Phyſico- Mechanical Experiments, Theſe being 
the beſt and almoſt only trials which have yet 
been made concerning factitious airs //, are very 
proper to give us what further light may be had 
concerning their nature and properties. I ſhall 
endeavour to make my extract as ſhort as con- 
veniently I can, that it may not be too tedious. 
Thoſe who are defirous to ſee the particulars of 
each experiment, may conſult the book itſelf at 
their leiſure with greater advantage. 


(a) See Dr. Hales's V egetabſe Staticks, chap, vi. contain- 
ing many admirable experiments of that kind, publiſhed fince 
our author's time, 


ARTICLE 
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2 1. Several Ways uſed. ts help the __ 
duction of wir. 


Bread by itſelf does not readily produce any a air 
in vacuo, but being very much moiſtened and a 
little kneaded, it yields a ſufficient quantity; and 
thence it was concluded, that water is a fit diſſol- 


vent to draw forth air out of bread. The expe- 


riment was alſo tried by burning it in vacuo with 
a burning-glaſs, and by this means much air was 
N which did ever and anon break out as 

y fulmination. And from theſe trials it was 
thought probable, that the air contained in bread 
is ſo cloſely confined, that no eaſy operation can 
give it a full diſcharge ; but if any thing could 
diſſolve and looſe that knot, it UNE then ; "<a 
duce great effects. 

Dried grapes bruiſed-and put into water, being 
included in a receiver produced much more air 
than others without water. It appears therefore, 
that water is a fit medium to elicit air out of 
them; but it was obſerved, that the production 
of air did not begin preſently upon the affuſion of 
water, but that it proceeded on with greater 
ſwiftneſs after the parts of the water in five or ſix 
days time had more deeply ſunk into and per- 
vaded the grapes. 


Pears were included in two Amn receivers 


in vacuo, and it was found that in one of them, 


which was expoſed to the rays of the ſun, much 
more air was generated in the ſame time than in 
the other. Whence it was conjectured, that the 
production of air is very much promoted by the 
heat of the ſun. 
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Bruiſed grapes in vacuo with ſpirit of wine pro- 
duced more air than without that ſpirit. Whence 
it appeared, that ſpirit of wine doth advance the 

roduction of air from bodies included in vacuo ; 
though by other experiments it appears wholly to 
hinder that production from bodies included in 
common air. 

From experiments made with apples both 
boiled and raw, 'both with ſugar and without it, 
in larger and ſmaller receivers, it was concluded 
that ſugar, the crudity of the fruit, and the large- 
neſs of the receiver do all contribute to the pro- 
duction of air. 


ART. 11. S everal Ways to binder the Proms 
of air. 


Paſte made with ba r without 
leaven, was put into an empty receiver, and af- 
terwards the receiver was placed in a certain a- 
partment with a good fire in it, yet the paſte pro- 
duced no air in ten hours ſpace. Hence it was 
thought, that if paſte hath once ſuffered too much 
cold, it can ſcarce recover its faculty of ferment- 
ing. For at another time paſte made without 

leaven in the ſummer ſeaſon, produced very much 
air in a ſhort time in vacuo. 

Dough kneaded with leaven had a quantity of 
ſpirit of wine poured upon it, to try whether fer- 
mentation would be hindered by that means, and 
it was concluded by the event, that the ſpirit did 
binder the production of air. 

By ſome trials upon pears it was collected, that 
fruits included in a receiver, with very much 

compreſſed 


vi. Fackirious airs. 22g 
compreſſed air in it, cannot produce fo great a 
quantity of factitious air as in a medium leſs denſe, 
It was alſo further collected that artificial air is 
ſometimes produced by iterated turns, and as it 
were by reciprocations, and that the changes of 
heat and cold, though they are not the ſole cauſes 
of ſuch reciprocations, yet ſeem to contribute 
much thereunto. _ | EEE. 

The fame things were concluded from expe- 
riments made with paſte. Raiſins of the ſun 
ſteeped in vinegar, were placed in an emptied re- 
ceiver, and it was thereby found, that vinegar 
was an hindrance to fermentation. and the pro- 
duction of air. A 

Plumbs and apricots, many of them being cut 
aſunder, were placed in two receivers, in one of 
which was air produced from cherries, and in the 
other common air; and it was found by this ex- 


periment, that the artificial air of cherries was a 


great hindrance to the apricots, that they could 
not produce air; yet notwithſtanding, it was 
thought to advance the alteration of their colour 


and firmneſs, and to be good to preſerve their 


taſte. 3 n 291 911. 
| Grapes included in common air with ſpirit of 
wine and without it, ſhewed that in common air 
the ſpirit of wine doth hinder fermentation ; tho 
by other experiments it was found to promote-1t 
in vacuo. | 


Some peaches were included in an exhauſted. . 


receiver, and together with them ſome ſpirit of 
wine, which could not touch the peaches unleſs 
it were elevated in the form of vapours. A like 
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quantity of peaches was alſo included in another 
unexhauſted receiver without ſpirit of wine. And 
it was found by this experiment, that the very 
vapours of ſpirit of wine, do ſome what hinder fer- 
mentation and the production of air; but much 
leſs than the ſpirit itſelf. 

From experiments made upon paſte with leaven 
and without it, with ſpirit of wine and without 
it, it was concluded that leaven doth rather hin- 
der than help the production of air, if the paſte 
be not made in a place hot enough; and that 
ſpirit of wine doth very much prejudice the pro- 
duction of air, and the rather if the paſte be 
wrought with the ferment; and moreover that 
paſte without ferment in tract of time will pro- 
duce no leſs air than paſte with ferment. 

New ale was included in a receiver exactl 
filled that fo no air might be left, and another 
quantity of the ſame ale was included in another 
receiver wherein ſome room was allowed for the 
air; and from the experiment it ſeemed to fol- 
low, that ale if the air be excluded from the veſ- 

fel, will ferment more ſlowly than it ſome air were 
left in; yet in tract of time, it makes a greater 
compreſſion if no place be left for its dilatation. 
Green peaſe in an emptied receiver with ſpirit 
of wine and without it, ſhewed that ſpirit of wine 
doth hinder-the production of air from peaſe. 


ART. 11h: The efe&s of artificial air are di Herent 
from the effects of common air. 


From two experiments made upon cherries it 
was concluded, that in artificial air fruits do pro- 
_ duce 


— 
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duce leſs air, and ſo they keep their colour and 
their taſte better: it was alſo obſerved, that cher- 
ries do contain much air in them, and that they 
produce it very irregularly. 

A trial was made with unripe grapes in com- 
mon air and in factitious air produced from pears, 
and it was from thence concluded that factitious 
air was fit to alter the colour of raw and to pre- 

ſerve its taſte. 

A mixture of common air and air produced 
from cherries, was found to preſerve oranges 
better than common air alone. 

Two pieces of beef were placed in different re- 
ceivers, in one of which was common air, in the 
other cherry-air; and it was concluded from the 
compariſon of the events, that cherry-air 1s a great 
hindrance to the production of air from fleſh. 

Two onions were put into a receiver full of 
common air, to ſee whether vegetation would in- 

creaſe the quantity of air or diminiſh it. Two 
other onions were put into a receiver with air 
produced from paſte; and it was gathered from 
the event, that artificial air doth not at all hinder 
vegetation, and that not only the ſenſible bigneſs 
of the body, but alſo tlie quantity of air is in- 
creaſed by vegetation. 

Unripe grapes were included in common air 
and in factitious air of pears ; and the compari- 
ſon confirmed the efficacy of artificial air to alter 
the colour of fruits. But it was obſerved in this 
experiment, that it prejudiced the preſervation of 
taſte, and promoted the production of air, con- 


trary to what had happened in ſome of the 
former experiments. E 


> | 
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Gilliflowers were included in three different 


receivers, one of which was exhauſted, another 
had common air in it, and the third contained 


artificial air of paſte; and it was obſerved that 


factitious air renders the change of colour more 


ſpeedy, yet it prevents IS even as a 


vacuum doth the ſame. 

From an experiment made in two receivers 
with common air and with artificial air of cher- 
ries, it was found, that the alteration of colour 
and firmneſs in apricots is promoted by cherry- 
air, and that ſome part of ſuch air is deſtroyed in 
the beginning. 

Plumbs cut aſunder were put in three different 
receivers, the one exhauſted, another full of gooſ- 
berry- air, the third full of common air; and b 
this experiment arti :hcial a air ſeemed to have pro- 
moted alteration. 

Some peaches were put into a receiver with 
common air mixed with air produced from 
grapes, and the grapes themſelves were included 


in the ſame receiver, that the common air might 


be the better ſaturated with the artificial ; and 


from the circumſtances of this experiment it was 
concluded, that common air doth corrupt bodies, 


yet it doth much leſs, if it be mixed with fac- 
titious air. 


Equal parts of pears cut aſunder were placed 


in four different receivers, one of which was full 


of common air cloſed up, another was full of 
common air but not exactly cloſed, another con- 


tained cherry-air, and the laſt was evacuated. It 


was obſerved, that corruption doth not begin in 
tree air Geaer than in included air; but when it is 
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begun, it is much more increaſed and more ſpeedi- 
ly, the included air ſeeming to be ſooner ſatiated. 
The aptitude of artificial air for the ſoftning of 
fruits was alſo obſerved. And it ſeemed probable, 
that the production of air was here promoted by 
the artificial air, though it had ſucceeded other- 
wiſe with apricots in the other trials. 

Apricots were included in four different receiv- 
ers, one had common air and was cloſed, another 


had common air but was left open, the third had 


a mixture of air produced from pears, the fourth 


contained common air but pretty much com- 


preſſed. 


It was from hence concluded, that the quantity 


of corruption doth depend on the quantity of air, 
and alſo that in factitious air alteration is made 
quicker, but in tract of time the Corruption is far 
greater in common air. 


| ARE Iv. The effects of compreſſed air are iferent 


from the effetts of common air. 


Onions ſet to grow in common and condenſed 
air, ſhewed, that a little compreſſion doth not 
prejudice thoſe bodies' which are to be wee 
by vegetation. 

Tulips and lack placed in common and 
condenſed air ſhewed, that compreffion in ſome 
plants doth hinder putrefaction and moulding. 

The two halfs of an orange were included in 
compreſſed and common air; and it was con- 


firmed by this experiment, that compreſſed air 


may- ſomewhat retard corruption, yet in pro- 
prod of time it was made probable by other 


7 3 experiments, 
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experiments, that the quantity of corruption doth® 
depend upon the quantity of air. 


Equal quantities of roſes were included in 
common and compreſſed air; and from hence it 
ſeemed to follow, that compreſſed air is ſome- 
thing fitter for the alteration of colour than com- 
mon air. 

The two halfs of an orange were again includ- 
ed in common and compreſſed air; and from the 
circumſtances of the experiment it was conclud- 
ed, that the quantity of mouldineſs doth depend 
on the quantity of air. 

Two mice were included in common and com- 
preſſed air; and it was found that the mouſe in 
the common air had conſumed ſomething of that 


air, - By comparing the times they each lived 


under their confinement, it was judged that com- 
preſſed air was fitter than common air for the 
prolongation of life ; but it is to be obſerved that 
this compreſſion was not very great. 
The experiment was tried with flies, and the 
ſeemed not to be ſenſible of a ſmall compreſſion, 
nor ind-ed are they much prejudiced by a rare- 


faction of the air, unleſs there be an almoſt com- 


pleat vacuum. 


The experiment was made alſo with frogs, 
but nothing could with certainty be cohohided 


from it. 


Another trial like the former was made with a 
diſſected orange, and it was again confirmed that 


the quantity of mouldineſs doth depend on the 
quantity of air. But it was obſerved that the 
Mmauldineſs did appear a little later in the com- 


preſſed 


— 


xvi + fa&itions airs. 231 
preſſed air than in the common, though after- 
wards it increaſed much more. | f 
The like was again concluded by experiments 
made upon roſes, the parts of a limon and upon 
gilliflowers. 8 | 
A mouſe was put into a receiver with common 
air, only to try whether he would produce or 
conſume air. From the event it was concluded, 


that living animals conſume air, but dead ones 
produce it. | 


_ Pears of the ſame ſort were includes in com- 


preſſed air, in common air and in vacuo; and it 
ſeemed to follow from the event, that in a great 
compreſſion a leſs quantity of air is produced. 
From ſome other experiments made upon ani- 
mals, it was found that a very great compreſſion 
of air is noxious and even mortiferous to them. 


Ar. v. T, he effefts of artificial air upon animals. 


A bee, with diſtilled vinegar and pulverized 


coral, were put into a receiver, and the air bein 


wholly exhauſted, matters were ſo ordered that 


the coral fell down into the glaſs of vinegar. But 
the air produced from thence, did not reſtore any 
power of motion to the bee; but when ſhe was 
expoſed to the open air, in a little time ſhe began 
to move herſelf. Hence it was ſuſpected that ar- 
tificial air is unfit for the life of animals 


Two flies were included in a receiver out of 


which the common air being exhauſted, ſome 
gooſberry- air was made to ſupply its place. After- 
wards two other flies were included in vacuo, but 
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2 32 De nature of L ect. 
with this difference, that common air was re- 
ſtored to theſe latter flies. The event was, that 
che latter flies recovered thereby their power of 
motion, which they had loſt in vacuo, but the 
former in the factitious air remained irrecoverably 
dead. The experiment was repeated with the 
ſame ſucceſs; and this was thought to be an high 
confirmation that artificial air is noxious to the 
life of animals. 7 | 
Three receivers being filled with air produced 
from paſte, a perfumed cone was kindled and 
put into one of them, which being ſtopped, the 
fire within a minute of time went out. Fhen 
by blowing with a pair of bellows, the artificial 
air was expelled from the receiver, and the fire 
was again put into it as before, and now it burn- 
ed bright for a pretty long time,, though the re- 
ceiver was ſhut as ſpeedily and as accurately as 


before. Into the ſecond receiver a fly was put, 


and preſently ſeemed to be dead, . but being ex- 
poſed to the ſun, ſhe recovered again in a ſhort 
time. Then common air being blown into the 
receiver, the fly included as before ſuffered no 


inconvenience thereby. The ſame experiment 


was tried with the ſame fly in the third receiver, 
being filled with artificial air, and the ſame ſucceſs 
followed, excepting that the fly being now longer 
included, could not ſo ſoon as before be recover- 
ed to health again. Hence it appeared that ar- 
tificial air is not only prejudicial to Ge life of 

animals, but to flame alſo. 
Several other ſuch experiments were dk with 
various animals, from whence 1 it was concluded as 
before, 


—5 
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before, that factitious air is very hurtful to their 


life; but if mixed with common air it doth not 


ſo readily produce its effects; it appearing to be 


ſo much the more hurtful as it is the more free 
from that mixture. It was alſo made evident, 
that factitious air is a greater enemy to animals 


than a vacuum itſelf, and thence it was collected 


that it kills by ſome venomous quality, and not 
only by the defect of common air. Air produced 
from cherries was found to be ſomewhat leſs 
hurtful to frogs than that produced from paſte; 
air produced from gooſb:-rries leſs hurtful to mice 
than air produced from gun-powder ; air pro- 
duced from peaſe leſs hurtful to ſnails than air 
produced from paſte, Mw 5, 


ART. VI. Animals in vacuo. 


A butterfly being put into an empticd receiver 
was almoſt three hours before it was deprived of 
its faculty of motion. Then the air being let in, 
it recovered itſelf againſt. After this it was bound 
by one of its horns with a thread, and ſo it was 
ſuſpended in the receiver, and it was carried very 
freely from one part of it to another by clapping 


3 wings but after the air was extracted again, 


the clapping of its wings was in vain, for it could 
not move the thread in the leaſt from being per- 
pendicular, — . 

By an experiment made upon flies in very much 
rarefied air, it was concluded that a ſmall quantity 
of air may ſuffice for inſects to breath in. | 

Snails were included ſo long in vacus till they 


| ſeemed to have loſt all power of motion, and in 


1 that 
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that ſtate they produced ſome air, though they 
_ were not ſo perfectly dead as to be paſt recovery. 

. Fly-blowings or the eggs of flies were placed 
under a receiver in air much rarefied, and it was 
found by the event, that inſets may be produced 
and may live, if not in vacuo, yet at leaſt in high- 
ly rarefied air. 5 MT in | 

Buy another experiment of the like nature it 
was concluded, that inſects could not be generat- 
ed and live in vacuo, though they might in rare- 
fied air; which thing was alſo confirmed by a 
farther experiment. 95 

Vinegar full of thoſe very ſmall eels which may 
be diſcovered in it by microſcopes, was for ſome 
time included in vacuo, and another part of the 
fame vinegar was kept in the open air; the eels 
which had been kept in vacuo were all found to 
be dead, though the others in the'open air were 
as briſk as at firſt. Hence it was evident, that 
even thoſe very diminutive animals are alſo af- 
fected with the preſence and abſence of the air. 


ART. vii. Contains ſome experiments concerning 


the confumption of Fuel by fire in compreſſed a. 


It was concluded from thoſe experiments, that 
the quantity of matter conſumed in a given ſpace 
of. time did nearly anſwer to the quantity of com- 
preſſed air. . 


ART, 


: ART. vIII. Fire uſed fo produce air. 
Paper beſmeared with ſulphur was burnt in 


racuo, and ſome air was thereby produced, which 


was not at all diminiſhed for two whole days. 
This air was afcribed to the paper, for it was 


found by other trials, that no air is produced out 
of ſulphur alone. 


Some air was produced from harts-horn burnt 
10 vacuo, but part of this air was in a ſhort time 
deſtroyed again, and the other part which pre- 
ſerved its elaſticity for a full hour after the burn- 
ing-glaſs was removed, feemed afterwards not to 
loſe it at all. 

Amber produced no air even by being burat. 

Camphire in vacuo was placed over a digeſting 
furnace, and though it was ſublimated into flow- 
ers. yet no air was produced. 


Sulphur vivum was melted in vacuo by a burn- 


ing-glaſs ; but the fumes of it did not apy to 
contain any air. 


Paſte that had been included in vacuo for nine 


days, and ſeemed to have emitted all its air, was 
endeavoured to be fired with a burning-glaſs. 


The ſubſiding fumes had tinged the ſurface 


of the paſte with a curious yellow colour, 


and it was conjectured that ſome air was pro- 
duced. 


ART. Ix. Concerning the production of air in vacuo. 
Dried grapes and dried figs were placed in 


Vacuo, and it was concluded from the event, that 
dried fruits i in vacuo produced very little air. 
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Apricots appeared to produce their air almoſt 


as eaſily in their wonted preſſure as in vacuo. 


By comparing the events of cherries in vacuo, 
when whole and when diſſected, it was conclud- 
ed, that ſome diſſected fruits do ſooner produce 
their air than whole and undivided ones. 

Cabbages cut in pieces were put into an emptied 
receiver, and it was thought from the circum- 
ſtances of the experiment, that bodies when they 
putrify, have already produced almoſt all their air. 

The ſame was confirmed by another experi- 
ment made upon apples. OTE 7 
Two equal quantities of milk were put into 


two glaſs receivers of equal bigneſs; the one was 


left in the free air, the other was evacuated. And 
it was obſerved, firſt, that the coagulation of 


milk, when the air is extracted therefrom, is 


ſomewhat retarded. Secondly, that the butter, 
whey and cheeſe are mixed with one another con- 
fuſedly in the air, but in vacuo they keep their 
diſtinct places, and one ſwims upon the top of the 
other. Thirdly, that the putrefaction of milk is 
hindered or very much retarded in vacuo. Laſtly, 
that milk by long continuance in vacuo, is made 
unfit to generate worms, even in Common air. 

A like experiment was made with urine. 
comparing the quantity of air produced in this 
experiment, with that produced in the former, it 
ſeemed, that urine, which is an excrementitious 
humour, contains leſs air in it than milk, which 
is an alimental humour. And moreover the effi- 
was hereby very 
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Paſte very much diluted and without leaven, 
being put into a glaſs veſſel, was placed in an em- 
ptied receiver, and though the veſſel which con- 
tained it were not half full before all the air was 
exhauſted, yet the ſame day the paſte had ſwollen 
above the brims of the veſſel. The next day the 
paſte continued to ſwell more and more, and was 
interſperſed with many cavities. The third day 
the paſte was much more tumid than before, and 
much air was generated from it. The fourth day 
in the morning the cover was found to be ſepa- 
rated from the receiver by the force of the pro- 
duced air, and ſome of the paſte was ſpread above 
the edges of the receiver, yet its ſwelling was 
ſomewhat abated. In the afternoon its tumid- 
neſs was much more abated, yet it took up twice 
more room than it did before it was put into the 
receiver. The taſte of it was not acid, and it was 
thought that bread thus made was very light. 
A quantity of beef was put into an exhauſted 
receiver, and it was concluded from the event, 
that fleſh, whilſt it putrifies, doth produce much 
more air than before it putrifies, though the con- 
trary was before. obſerved of fruits. | - 
From an experiment made upon gooſberries it 
ſeemed to follow, that theſe fruits after they have 
produced all their air, admit very little alteration; 
as if that air itſelf were the cauſe of corruption. 
By an experiment made upon dried plumbs it 
was confirmed, that dried fruits are very unfit to 
produce air. _— | | 
A trial was made with nut-kernels, and it ap- 
peared, that air may without ſenſible putrefaction 
be produced from fruits even of an hard conſiſt- 
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Axr. x. Concerning the production if air above 


its wonted preſſure. 


An experiment made with goolberries ſeemed 
to. prove, that gooſberries contain much air in 
them, which as ſoon as it is freed from the uſual 
preflure, doth more readily break forth than 
when it is reſtrained by ſome ambient air, until 
the gooſberries begin to be fermented; for then 


air is produced in a far larger quantity, even in a 


great compreſſion. 


An experiment made with paſte ſeemed to 
prove, that air may be produced out of paſte 3 in 


compreſſed air as well as in vacuo. 


Horſe-beans contain much air, which they 


produce very irregularly, both in vacus and under 
a moderate preſſure. 


Gooſberries produce their air regularly enough 


unleſs ſomething be extracted out of the receiver, 


for then they acquire ſtrength to produce new 
air more ſpeedily. - 


Grapes produce not all their air bot! in a long 
tract of time. 


Pears ſeemed to produce their air, as it were by 
Paroxyims « or fits. 


ART. xl. Various experiments. 
' Melted lead and melted tin produced no air in 


vacuo. It was obſerved by the way, that the 


ſurface of theſe melted metals which were in- 
cluded in a braſs veſſel, was concave in vacuo 
after concretion, n in the common air it be 
convex. 


Water 


xvi. 0 Haclitiaus airs. 239 
Water ſaturated with falt was placed in vacuo, 
to try whether it would there be converted into 
cryſtals, as is uſual in the free air, but it was found 
it would not. 

Air produced from gooſberries was put into an 
evacuated receiver furniſhed with a mercurial 
gage. It was found that in the ſpace of half a 
year, no change was made in the height of the 
mercury, and conſequeatly the ſpring of this fac- 
titious air was not altered in ſo long a time. 

A vial capable of containing 7 ounces, 5 drams 
and 3 grains of water, was exhauſted of its air 
and weighed; then the bladder which covered its 
orifice was pierced with a needle, and thus being 
filled with air again, it was found to be 42 grains 
heavier than before, whence it followed that 
water was about 800 times more ponderous than 
an equal bulk of air. : 

Aqua- fortis with fixt nitre were placed in a 

receiver, which being exhauſted, the one was 
poured into the other, and much air was thereby 
produced. „ 

Spirit of wine was found to be very ſenſibly 
condenſed by a moderate degree of cold, but not 
at all by a very great compreſſion. A 
Spirit of wine and oil of turpentine were cleah- 
{ed of air, then a quantity of the ſpirit of wine 
being put into a glaſs, ſome drops of the oil of 


1 turpentine were ſuperadded to it, which ſwim- 
5 ming upon the ſpirit, were whirled about as is 
s uſual by an odd motion. Afterwards the veſſel was 
0 


placed in an exhauſted receiver, and though no 
ebullition was made, nor any bubbles appeared, 
4 „ | Hoyer 
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yet the drops vontihued to be more in wacto as 


in the open ar. Hence it ſeemed to follow, that 


the cauſe of the motion of the drops is not to be 
aſcribed to the diſſolution of them, for all diſſo- 
lutions i in vacuo are wont to produce bubbles. 

A glaſs containing ſpirit of fal- armonĩac and 
the filings of copper was placed in vacuo. In a 
month's time the blue colour given to the ſpirit 
by the copper was almoſt quite vaniſhed, but up- 
on the admiſſion of the air it quickly returned. 

A mixture of aqua- fortis and fpirit of wine 
was diſtributed equally into three glaſſes, into 
which three equal pieces of iron were put. One 
of theſe veſſels being included in vacuo, a great 
many ebullitions were made in it. After à quarter 
of an hour the veſſel was taken out again, and the 
liquor was found to be black and turbid, where: 
as the other two veſſels had their liquor not alter- 
ed in their colour, but only ſome black powder 
did appear at the bottom of them. 

Spirit of ſal-armonic with filings of copper 
were again placed in vacuo, and after the ſpirit 
had ceaſed to emit any bubbles, the filings were 
mixed therewith, which cauſed many bubbles to 
break forth again; but they were ſo ſar from pro- 
ducing any air, that on the contrary ey e con- 
ſumed that Which was ee e 


3 Nick. XII. Artificial air ariel. 


Air produced from cherries was eee, 


into a receiver full of common air. It was con- 


cluded from the event, that air produced from 
fruits, 


xy, © fackitious airs; 147. 
fruits, 'at the beginning is in part deſtroyed ; but 
the reſt can keep the form of air very long. 

. Sal-armoniac . was put into a receiver with a 
ſufficient quantity of oil of vitriol, then the air be- 


ing exhauſted, the ſalt was put into the oil, where- 


. upon a great ebullition preſently followed, and 
the mercury in the gage ſhewed a good quantity 
of air to be generated; but this by the ſame gage 
ſoon after appeared to be deſtroyed again. The 


experiment was repeated, and both the produc- 


tion and deſtruction were ſlower than before. 
Afterwards oil of vitriol alone was put into a re- 
ceiver, in which only a fifth part of a; 

to try whether the oil without ſal-armoniac would 
diminiſh the elaſtical force of the air ; but it felt 
out contrary, that the force of the air was in- 


creaſed. It was confirmed by theſe trials, that 


ſome artificial airs may be deſtroyed, but it was 
thought. to deſerve a further enquiry, why this 
deſtruction happens ſometimes ſooner and ſome- 
times Aer. 


ART. xIII. Experiments concerning ihe d: ferent 


 celerity of air Produced in vacuo or in common 
N ar * N A | 


& 


From theſe cxpatiments made with . the: 
kernels of filberds, raiſins of the ſun and onions, 
it was concluded, that ſome bodies do more eaſily 
produce their air in Vacuo than 1 in common or ra- 
refied air. | 


air was left, 
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3 NIV» 7 he 3 aphole or entire 
and bruiſed fruits. 


Bruiſed pears did not produce air ſo ſoon as en- 
tire ones. The ſame was found to hold as to 
bruiſed apples and unripe grapes bruiſed; but ripe 


grapes bruiſed had the contrary effect. By ano- 


ther experiment upon apples, it was concluded, 
that bruiſed fruits do produce leſs air in vacuo 
than ſound ones, contrary to what happens in 
che common air. The reaſon , whereof was 
thought to be this, that bruiſed fruits are very 
Ns rarefied in vacuo, and ſo the ſeveral prin- 
ciples of which they conſiſt, cannot act upon one 
another; but unbruiſed fruits, by reaſon of the 
entireneſs of their ambient Kin, e Ns Fell 
. 


* 


i 
*," ma, 43 


An 1. xv. Contains DLL, experiments, 


hs" which it ſeemed, that the air at divers 
times is diverſly affected; fo that ſometimes it 
hath a power to hinder corruption and ſometimes 
to promote it; ſometimes it readily produces 
mouldineſs, at other times it 18 unfit for chat 


2 


Ax r. XVI. G experiments, | ; 


By which: it appears, that ſome bodies, even 
in veſſels hermetically ſealed, may loſe part of 


their weight by being expoſed to the beams of 


the ſun conpeniered with. 5 ein dh 144 
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An 1. XII. Of the preſervation of b bodies in com. 
_ preſſed iguors. | 


Many experiments are contained under this 


artide i; the concluſions made from them. are as 


follow. 75 

That the taſte of ame faite may. be preſerved 
in an infuſion of raiſins of the ſun, at leaſt in veſ- 
ſels which are Wie to nota a great eee 
of the air. 

That liquors may grow four though no pris 
have evaporated from them. 

That fruits cannot be long kept in pulp of ap- 
veg by/reaſon of the great production of air. 
That the juice of crude grapes cannot.conve- 
niently be uſed for the preſervation of fruits, for 
the ſame reaſon. 

That fermented liquors may be uſeful * oh 
preſervation of fruits,” as being viſit to produce 
air. f 7 


That beer may 5 convenient for the por 


vation of fleſh, eſpecially if it be intruded by force 
into the receiver; but this compreſſion is ſoon 
abated, becauſe the air compreſſed in the ſame 
receiver is apt to enter into and pervade the pores 
of the beer by degrees. 


That water as well as beer may conduce to the 


| preſervation of fleſh. 

"That fiſhes produce leſs air than fleſh, and yet 

that they will be corrupted, though ere be for= 

tified againſt the air. 

That butter may' be kept a great while if it 55 

| defended from the contact of the external air. 
2 * That 
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| ſucceſs for the preſervation of fleſh. 


{$244 -3" 
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5 2 
244. Th nature IP. — 
That corru ption may ſometimes happen with- 
out production of air. 
That even tender bird's ſſeh may be NN 
long by the help of beer or ale. 
That ſugar is not ſo fit for the een of 


Fruits as fermented liquors. 


That milk may ſometimes be uſed with good 


* 
1 


That butter melted and hot is not ſo fucceffully 


| uſed for the preſervation of fleſh. 


That fleſh after it is boiled, may be kept long 


without prejudice, which is a great convenience 


at ſea, ſo that perhaps there may be no need of 
falted fleſh. For after the raw ; fleſh. hath been 
kept fo long in veſſels ſtopped. with ſcrews, as 
experience ſhews there is no danger of its cor- 
ruption ; then it is to be taken out, and being 


perfectly boiled is again to be included in the 


ſame receivers, and ſo without doubt it may be 
kept for a long time without ſalt. The chief art 


to preſerve fleſh without ſalt conſiſts herein, that 
all air be excluded from it, and that there be a 


oo compreſſion | in the receiver { a). 11 


(e) The ede why. ſpirit of wine preſerves fleſh, and 
other things immerſed in it, from corruption, may be, that 
the- ſpirit ſucks up and conſumes the air lodged in the pores 
of the fleſh. * For it has been found that ſpirit of wine will 
imbibe a bubble of air as large as your thumb in about two 
hours, which is more than water will do in a much longer 
Ws though it be tick well purged of air by boil | its 


ART. 


vi. o@fiitious airs. „ 5 


ART: XVII Contains experiments concerning elixa- 
tron and di 1 in vacuo. | 


A — 2 


9 
. 1 yt 


A KT. 2IX- Contains ome. experiments concernin £ 
15  elixation in veſſels hopped * with  ſerews. 


* 
** 


By which it appears, chat even hartsc horn and 
the bones of fiſhes and four-footed creatures may 


be ſoftened and converted into good nouriſhment. 
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15 7 FN the riſmg and falling * * r 
in the, barometer, upon 0 4 I ” 
Br. Halley / 4%. 3 8 


＋ 0 account for the diferecir heights of the 
1 mercury at ſeveral times, it will not be un- 
neceſſary to enumerate ſome of the principal ob- 
ſervations made upon the baromete. 

1. The firſt is, that in calm weather, when the 
thi is inclined to rain, the ay is conimotly 

1 
2. That in ſerene, ood, fettled. weather the 
incboury is generally hi big. 3 : 

3. That upon very pron Minds W they 
be not accompanied with rain, the mercury ſinks 
loweſt of all, with relation to the "Pan of the 
compaſs the wind blows upon 

4. That ceteribus paribus, the greateſt heights 
of the mercury are found upon eaſterly: and Ws. 
caſterly winds. 

That in calm froſty weather the mercury 
: generally ſtands high. 36593 
6. That after very great ſtorms of wind, when 
the quickſilver has been oy; it | ona riſes 
again very faſt, 
7, That the more northerly places have gierte 
1 of the 1 de mad ING! Wot 


; Ma by 8 Lavi bor fs dez, of the bust. 
fade ranſRiohs, vol. 11. f Page . To 
35 8. That 


Of the riſe and fall, &c. 247 

8. That within the tropicks and. near them, 
thoſe accounts we have had from others, and my 
own obſervations at St. Helena, make very little 
or no variation of the Wo of the mercury! in al 
weathers. 8 

Hence 1 conceive, that the principal Sau of 
the-riſe and fall of the mercury, is from the va- 
riable winds which are found in the temperate 
zones, and whoſe great inconſtancy here i in Egg 
land i is moſt notoridus. 

A ſecond cauſe is the uncertain exhalation and 
precipitation, of the vapours lodging in the air, 
whereby it comes to be at one time much more 
crouded than at another, and conſequently hea- 
vier; but chis latter in a great meaſure depends 
upon the former. Now from theſe principles I 
hall endeavour to explicate the ſeveral phæno- 
mena of the barometer, taking them i in the Pm 
order I laid them down. | 

7. The mercury 's being low n it to rain, 
becauſe the air being light, the vapours are no 
longer ſupported thereby, being become ſpecifi- 
cally heavier than the medium wherein they 2 
ed ; fo that they deſcend towards the earth, and 
in their fall, meeting with other aqueous particles, 
they incorporate together and form little drops of 
rain. But the mercury's being at one time lower 
than at another, is the effect of two contrary 
winds blowing from the place where the barome- 
ter ſtands; whereby the air of that place is cartied 
both ways from it, and conſequently the incum- 

bent cylinder of air is diminiſhed, and accordingly 
| the Im ſinks. As for inſtance, if in the Ger- 
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248 Of the riſe and fall of tb 

man ocean it ſhould blow a galepf weſterly wind, 
and at the ſame time an eaſterly wind in the-Iriſh 
ſea, or if in France it ſhould blow-a-northerly 
wind, and in Scotland a ſoutherly, it muſt be 
granted me that, that part of the atmoſphere im- 
pendent over England would thereby be exhauſt- 
ed and attenuated, and the mercury would ſub- 
ſide, and the vapours which before floated in thoſe 


parts of the air of equal . With, ener 
Would fink to the earth. 


Ms 


£4 3 


| flv that ſtagnant air which is left behind, as 

ikewiſe that on the ſides, cannot come in! ſo, faſt 
as to ſupply the evacuation, made by ſo, ſwift a 
current; ſo that the air muſt neceſſarily. beattenu- 
ated when and where the — winds continue to 


lence add to Which, ww the borizb motion 


of: the air being ſo quick as it is, may in all pro- 


bability take off ſome part of the perpendicular 
eure, thereof: and the great agitation of its 
rticles is the reaſon why the we > are diſſi- 


pated, and do not condenſe into drops ſo as to 


form rain, otherwiſe the natural e of 
the air's rare faction. 

4. The mercury ſtands the higheſt upon an 
eaſterly or north-eaſterly wind, becauſe in the 


great Atlantick ocean, on this fide the 3 yth de- 


gree of north latitude, the weſterly and ſouth- 
weſterly winds blow almoſt always Trade, ſo that 
| whenever here the wind comes up at eaſt and 
north-eaſt, it is ſure to be checked by a contrary 
gale as ſoon as it reaches the ocean; 'wherefore, 
according to what is made out in our ſecond re- 
mark, the air muſt needs be heaped over this 
iſland, and conſequently the mercury muſt ſtand 
high, as often as theſe winds blow. This holds 
true in this country, but is not a general rule for 
others Where the winds are under different cir- 
cumſtances; and I have ſometimes ſeen the mer- 
cury here as low as 29 inches upon an Wer 
wind, but then it blew exceeding hard, and 
comes to be accounted for by what was obſerved 
upon the third remark. 

In calm froſty weather the mercury gene- 
rally ſtands high, becauſe (as I conceive) it ſel- 
dom freezes but hen the winds come out of the 
northern and north-eaſtern quarters, or at leaſt 
unleſs thoſe winds blow at no great diſtance off; 
for the: northern Pew” of Germany, Denmark, 
9665 Sweden, 
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Ann Magn)! and all that tract from whence 
| nefrth-eaſtern winds come, ate fubject to almoſt 
continual froſt all the winter; and thereby the 
lower air is very much condenſed, and in that 
ſtate is brought hitherwards by thoſe winds, and 
being accumulated by the oppofition of the weſt- 
erly wind blowing in the ocean, the mercury 
muſt needs be preſt to a more than ordinary 
height; and as a concurring cauſe, the ſhrinking 
of the lower parts of the air into leſſer room by 
cold, muſt needs cauſe à deſcent of the upper 
parts of the atmoſphere to reduce the cavity in 
by this contraction to an wquitibrium. © 

6. After great ſtorms of wind, when-the _ 
cury has been very low, it generally riſes 
very faſt. I once obſerved it to riſe 14 inc 
leſs than 6 hours after a long continued ſtorm 5 | 
fouth-weſt wind. The reaſon is, becauſe theair 
being very much rarefied, by the grrat evacua- 
tions which ſuch continued ſtorms make thereof, 
the neighbouring air runs in the more ſwiftly to 
bring it to an æguilibrium; as wie ſee water runs 
the faſter for having a great declivity. 

7. The variations are greater in the more nor- 
therly places, as at Stockholm greater than at Pa- 
ris (compared by Mr. Paſcull) {a} becauſe the 
more nchen parts have uſually greater ſtorms 
of wind than the more ſoutherly, whereby the 
mercury ſhould ſink lower in that extream; and 
then the northerly winds bringing the condenſed 
and ponderous air from the neighbourhood of the 
pole, we 1 again being checked by a erty 

FEET (a) — Viquenrs. RA 
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wind at no great diſtance, and & heaped, muſt 
15 neceſſity make the mercury in l caſe dg: 5 
Denen, Hof denniiaco 
1 * Laſtly, this remark, that chere i is little or no 
variation near the equinoctial, as at Barbadoes and | 
St. Helena, does above all others confirm the hyr 
potheſis of the variable winds being the cauſe * 
«Hicks variations of the height of the mercury; for 
in the places above named there is always an eaſy 
gale of wind blowing nearly upon the ſame point, 
viz, E. N. E. at Barbadoes, and E. S. E. at St. 
Helena, ſo that there being no .contrary currents. 
of the air to exhauſt or accumulate it, the atmo- 
ſphere continues much in the ſame ſtate: how- 
ever upon hurricanes (the moſt violent of ſtorms). 
the mercury has been obſerved very low, but this 
is but once in two or three years, and it ſoon re- 
covers its ſettled ſtate of about 29 inches. 
The principal objection againſt this doctrine is, 
that I ſuppoſe the air ſometimes to move from 
thoſe parts 42 it is already evacuated below the 
equilibrium, and ſometimes again towards thoſe 
parts where it is condenſed and crouded above the 
mean ſtate, which may be thought contradictory 
to the law of ſtaticks, and the rules of the ægui- 
librium. of fluids. But thoſe that ſhall conſider. 
| how, when once an impetus. is given to a fluid. 
body, it. is capable of mounting above its level, 
and checking others that have a contrary tenden 
cy to deſcend. by their own gravity, will no 
longer regard this as a material obſtacle; but 
will rather conclude, that the great analogy there. 
is between the Ae and falling of the water 


upon 


252 Of t the Miſs and) fall; Ee. 
upon the flux and reflux of the ſea, and this of 
accumulating and extenuating the air, is a great 
argument for the truth of this hypotheſis. For 
as the ſea over againſt the coaſt of Eſſex, riſes and 
ſwells by the meeting of the two contrary tides 
of flood, whereof the one comes from the 8. W. 
along the channel of England, and the other from 
the north, and on the contrary ſinks below its 
level upon the retreat of the water both ways, in 
the tide of ebb ; fo it is very probable, that the air 
may ebb and flow after the ſame manner; but by 
reaſon of the diverſity of cauſes whereby the air 
may be ſet in moving, the times of theſe fluxes 
and refluxes thereof are purely caſual, and not 
reducible to any rule, as are the motions of the 
ſea, eg Props: ns us ART <4 courſe of 
the moon. 
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Novi. II. | 


A fee of degrees of heat, cy Sir e 
ä N EWTON (a). 


| The eu, and de eferiptions ” Bats: | 15 


"Equal 1 1] HE heat of air in "alt when 
978050 : | water begins to freeze. This 
FM es Ks" may be exactly determined by 
II placing a thermometer in com preſſed 
ſſnow when it begins to than. 
0, ; 7 2 hi The heats of the air in winter. 
2, 3,4 e heats of the air in ſpring and 
 Jautumn. 
4 5. 6| | The boars of then air in © als. 
6 [The heat of the air at noon about 
I {the month of July. 


12 |1 | The greateſt . wh ;ch a thermo- 
I meter can acquire in contact with a 

human body: the heat of a bird hatch- 
ing her eggs is much the ſame. 
-14+=|Iz| Almoſt the greateſt heat of a bath 
 , | -|that a perſon can bear while his hand 

I lis immerſed and conſtantly agitated 
for ſome time. The heat of the blood 
Juſt let out of the body is almoſt ts 


ee ſame. 
17 The ERIE heat of a bath that a 
x hs perſon can bear, while his hand is im- 


3 FL Ok maeerſed 


(a) Tranſlated from the Ain in the Philoſophical 
TOs, Fey tad 


25⁴ A feale of degrees of "IY 


of cold water, when the f iron has 37 


0 2164 j merſed and kept conſtantly at reſt for 
1 Je 9) [ '- Fforne SMmnep 8 
20 13} The heat of a bath in which float- 
br e ing wax, after it has been melted, be. 
111 10 | tgins'by cooling to wk 1 its Hvidity and 
| [tranſparency. 
24 2 The heat of a bath, by which float- 
gef A DYg ing wax is ſo heated as to melt, and 
continue in fuſion without ebullition. 
28. 23 A middle degree of heat between 
chat where with was” melts an | water 
17914 boils. * 
34 25 The heat with Wed Mate boils 
2 0. vehemently, and a mixture of 2 parts 
I Jof lead, 3 of tin and 5 of biſmuth 
1 grows ſtiff by cooling. Water begins 
to boil with a heat of 33 parts, and i Wn 
2691  Iboiling ſcarce ever exceeds a heat of 
I 134+. Drops of hot water falling upon 
I hot iron, ceaſe to bubble, when the 
2 4 f iron has 35 or 36 parts of heat, and 


£ parts. 
40 fr 24 5 The leaſt heat wich which a mix- 
ture of 1 part of lead, 4 of tin and 5 
+1 Jof biſmuth, will melt and continue in 
4107" e ffuſton. 
48 3 | The leaft Bear with wich a mix- 
| [ture of equal parts of tin and biſmuth 
2359 Fn This mixture by Tooling grows 
1 ſtiff with 47 parts of heat. | 
55" 3 The heat with which a mixture of 
2290 We parts of tin and 1 IF, of biſmuth 
11 melts; 


1 


| melts 3 as alſo a mixture of 3 parts of 
| {rin and 2 of lead: but. a mixture of 5 


_ 


1 


at 


+; 4 + 


— 


Soul ture of. 1 
J fſof tin melts. Tin by itſelf melts with 


ſa heat of 72 parts, and grows ſtiff by 
.. [cool | 


4 | parts of lead and 1 
it has been melted, grows ſtiff by 
cooling in this heat, + 

The leaſt heat with which lead 
4 melts. It grows hotter and melts with 


{iff by cooling i 


259 


rts of tin and 2 


parts of biſmuth, 


| grows ſtiff by — 14 in this heat; and 


. |{o does a mixture of equal in of tin 
Jand biſmumiti 5% 1 eig4n 


The leaſt heat 27 1 Which a Mix= 
part of biſmuth and 8 parts 


in a heat of 70 rts, 
The heat with which biſmuth melts, 


335 a alſo a mixture of 4 parts of lead and 


I. part of tin. But a mixture of 


rt of tin, after 


a heat of 96 or 97 parts, and grows 

in a heat of 95 parts. 
The heat with which burning bo- 

dies by cooling ceaſe to be viſible in a 


dark night, and on the contrary by 


heating begin to ſhine in the ſame de- 
gree of :darkneþ, but with ſo faint a 
light as is ſcarce ſenfible. With this 


| {heat a mixture of equal parts of tin 
fend regulus martis, and alſo a mixture 
| of 7 parts of biſmuth and 4 parts of 
| [that regulus, grows {tiff in cooling. 

The heat with which burning bo- 
ſaies ſhine BR a dark night had not ** 
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i all in the twilight. With this heat a 
mixture of two parts of 1 


A -feale of dress of heat: 


egulus mar - 


Itis and 1 part of biſmuth, and alſo a 


Jin 

I mixture of 5 parts of regulus martis 
$1&777 Ti 

7 i 


fand 1 part of tin, grow ſtiff by cool- 
Is ſiog. Regulus grows a with a 


I heat of 146 parts. 
161 42 The — wherewith bodies; "hal 
FILL 54: 


ling in the twilight, juſt before ſun- 


ut I riſe or after ſun-ſet, nine manifeſtly, 


] but not at all or but very 59 tr pee in 
broad daylight. 
The heat of burning coals i in a ſmall 
[”. |fire made of bituminous pit-coal, and 
- |-]not blown with the bellows. Iron 
N hated” as hot as poſſible in this fire, 
I has the ſame heat as the fire itſelf. But 
the heat of a ſmall fire made of wood 
I is a little greater, having 200 or 210 
i | parts; and the heat of a large fire is 
I ittill greater, een if en with 
G1 £3.46 © tbellows.. 25 ba 


In the firſt column of this table we have de- 
grees of heats in arithmetical progreſſion, begin- 
ning from the heat with which water juſt begins 
to freeze, as the loweſt degree of heat, or as a li- 
mit common to heat and cold, and conſidering | 
the external heat of a human body as conſiſting 
Ld 1a equal parts. 

In the ſecond column we have degrees of heats 
I geometrical progreſſion; the firſt degree (12) is 


the external heat of a human TAR hy. adj Hed by our 
Enſes, the ſecond (24) i is double t 


e firſt, the ſhird 
I (48) 
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(48) is double the ſecond, the fourth (96) is 


double the third, and the fifth (192) double the 


fourth (5). b. 


By this table it appears, that the heat (34) of 


boiling water, is almoſt three times greater than 


the heat (12) of a human body, and the heat (72) 


of melting tin ſix times greater, and the heat (96) 
of melting lead eight times greater, and the heat 
(146, of melting regulus about twelve times 
greater, and the heat (200) of a common fire 


about fixteen or ſeventeen times greater than the 


heat of a human body. | 


The table was conſtructed by the help of a 


thermometer and red-hot iron. By the thermo- 
meter I ſound the meaſures of all the heats as far 
as that which melts tin, and the meaſures of all 
the reſt by red-hot iron. For the heat which the 
iron'communicates to contiguous cold bodies in a 
given time, that is, the heat which it loſes in a 
given time, is as the whole heat of the iron. Con- 
ſequently if the time of its cooling be divided into 


any equal parts, the correſponding heats ¶ both loſt 


(5) Tunderſtand the Author's ſenſe of this paragraph as 
follows. In the ſecond column we have“ a ſcale of indi- 
ces or exponents of degrees of heats in geometrical pro- 


<« oreflion,”' The numbers 1, 14, 14,12, 2, &c. in the ſe- 


cond column, being in arithmetical progreſſion, are a feale' 
of logarithms, or meaſures of the ratios of the heats expreſſed 
by the correſponding numbers 12, 14 Fr, 17, 20 Fr, 24, &c. 
in the firſt column; which being in geometrical progreſſion, 
may be ſoon found by taking 3, +, 2, of the logarithm of 2, 
or of the ratio of 1 to 2, and multiplying the correſponding 
abſolute numbers, in the table of logarithms, by 12. Then 
by doubling the 4 laſt terms of the geometrical progreſſion ſo 
found, you get the 4 next, and by doubling theſe you have the 


* 


4 next, and ſo on to the end of the ſcale. 
LSE DOTS FIT SITY SITS :: 2 
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388 44 als of degrees of heat. 


and. retained] will decreaſe in a geomettical 


greſſion, and therefore may only be found by. 2 
table of logarithms (c). 


irſt then by a thermometer made with * | 


| ſeed- oil, I found when the thermometer was 


placed in melting ſnow, if the oil took up 10000 
equal parts of ſpace, that the ſame oil, being af- 
tet wards rarefied and dilated by the firſt degree 


of heat, or that of a human body, took up 102 56 


ſuch parts, and by the heat of water juſt | 


nin to boil 10705 parts, and by the heat of wa- 


ter biting vehemently 10725 parts, and by the 


beat of melted tin, When by cooling it began to 
Niffen to the conſiſtence of an amalgama 11516 


parts, and when quite ſtiff 171496 parte. 


* herefore the oil was rarefied and dilated i in 


the ratio of 40 to 39 by the heat of a human 


body, in the ratio of 1 5 to 14 by the heat of 


boiling water, in the ratio of 15 to 13 by the 


heat of melted tin beginning to ſtiffen and coagu- 


late by cooling, and in the ratio of 23 to 20 * 
the heat of tin juſt grown quite iff. 


The rarefaction of air by an equal heat was ten 


times greater than that of the oil, and the rare- 
faction of the oil about Arten { 4) times greater 


= _— I conceive there is 


f an Met of. ſpicit of wine. 


TI 


wm & 


1 


10 5 87 


6 See page 121, parag, I: 
4) The original runs thus, Rarefattin aeris js quali calore 


1 "Au decuplo major quam rarefactio ole, & rarefatits' olei quaſi 


uam rarefattio ſpirits: vini, in 
ome miſtaxke. For Dr. Hall, by 
fd nw deſcribed in the Philoſoph. Tranſact. No 197, 


that when "urs of wine © began to boil (after which "a 


gt/indecim vicibus major 8 
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By theſe experiments, taking the heats of the 


dil to be proportional to its rarefactions {e j, and 
for the external heat of a human body writing 
12 parts, the heat of water juſt beginning to boil, 
comes out 33 ſach parts, and of water boiling 

_ vehemently 34 parts, and of tin either beginning 

to melt or to ſtiffen into an amalgama 72 parts, 
and of tin juſt become quite ſtiff and hard 70 

V 

HFaving found theſe heats, in order to deter- 

mine the reſt, J heated a piece of iron of a ſuffi- 


cient thickneſs, till it became red-hot, and tak - 
ing it from the fire with the tongs likewiſe red- 


hot, T immediately put it in a cool place where 
the wind blew conſtantly, and upon it I laid par- 
ticles of diverſe metals and other fuſible bodies, 
and noted the ſeveral inſtants of time when by 
cooling they loſt their fluidity and began to coa- 
gulate, and laſtly when the Heat cl the iron be- 
came equal to the external heat of a human body. 
Then upon this principle, that the exceſſes of 


bove the heat of the atmoſphere, found by my 
thermometer, were in a geometrical progreſſion, 


has no regular expanſion) it had increaſed itſelf a 12th part of 
its bulk when cold in winter time; and by my own trial I 
| have found, that with the heat of ſpirit of wine beginning to 

boil, the linſeed-oil in my thermometer had increaſed itſelf 
about 53 thouſandth parts of its bulk when placed in thawing 
5 ſnow, or to make a juſter compariſon, about ⁊ð parts of its 
bulk when cold in winter time. Therefore. the increment of 
the ſpirit, is to that of the oil, produced by equal heats, as 
12 t z or 3ox to 306, of about 3 to 3. 
e) That is, te the inerements of its bulk, as appears by 
the numbers in che two laſt paragraphs but one. 
S* | R 2 | when 
0 


the heats of the iron and coagulating particles, a- 
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when the times were taken in an arithmetical 
progreſion, I determined all thoſe heats. 

I placed the iron not in a ſtagnating air, but in 
oe blowing uniformly, that the air heated by 
the iron might immediately be driven away by 
the; wind, and that cool air, might continually 
ſucceed it with an uniform motion. For by this 
means equal parts of the atmoſphere were heated 
in equal times, with degrees of heat e 

able to the heats of the iron. 
Nov the heats ſo determined were to one an- 
| other in the fame ratios as the heats found by my 
thermometer, and therefore the principle I aſ- 
ſumed, that the heats of the oil were proportion- 
able to its rarefactions, is a true principle J. 
80 far Sir Iſaac Newton. © 

Hence we learn the conſtraQian of a thermo- 
ester, which being once adjuſted by experiment 
to any one degree of heat in the author's ſcale, 
| ſhall determine the reſt artificially, and alſo the 
proportions of any other heats to thoſe in the 
ſcale. 

For this purpoſe; fnce a tube ſeldom happens 
to be perfectly cylindral, it muſt be diſtinguiſh- 
ed into parts equal in capacity, if not in length, 
as follows. Firſt weigh the empty tube, then hav- 

filled its ball and about a ninth or tenth part 
of the tube with quickſilver, weigh it again and 
deduct the former weight from the latter; the 
Ae is the weight of the incloſed quick- 


p 8 (f) This prop perty of the rare faction of Races dl oil Was af- 
2 350 confirmed by an experiment made by Dr. Brook 
Taykr; and deſcribed in a the Philoſoph. Tranſact. N 3 tal . 
T Ilver, 5 
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filver, which gives the weight of one hundredth 
„ ͤ ẽ‚» , oO 
M,ark the tube with a file at the ſurface of the 
incloſed quickfilver, and with an hundredth part 
of its weight, weigh out 8 or g parcels of the like 
quickſilver, and pour them one after another upon 
the incloſed quickſilver, marking the tube ſue- 
ceſſively at the ſurface of each parce!l. 
Then with your compaſſes compare the inter- 
vals of the marks, and if they be equal to one 


4 4fFEFF 
'F 283! * #Z 


another, divide each of them into ten equal parts, - 


$ . 


the intervals do. 


1 


otherwiſe make the parts increaſe or decreaſe as 
Thus the capacity of the tube will be diſtin- 
guiſhed into thouſandth parts of that of the ball 
and contiguous part of the tube reaching up to 
Then put the tube into a frame, and by the 
ſide of it place a ſcale of thouſandth parts exactly 
correſponding with the oppoſite marks upon the 
tube; and writing 1000 over againſt the firſt 
mark, number the reſt in their order, as in Fi d. 41. 
On the oppoſite ſide of the tube over againſt 
the numbers 1000, 1012.8, 1025.6, 1038.4, 
1051. 2, 1064, 1976.8, &c. in arithmetical pro- 
greſſion, write o, 6, 12, 18, 24, 30, 36, &c. alſo 
in arithmetical progreſſion, where putting marks, 
divide their ſeveral intervals into ſix equal parts if 
the intervals be equal, otherwiſe into parts pro- 
portionable to the. intervals. And along the fide 


mY 


of this ſcale, at the proper diviſions anſwering to 


the numbers in the firſt column of the Author's 
ſcale, write the names of the ſeveral. bodies whoſe 
degrees of heat are expreſſed by thoſe numbers. 

EET 8 A The 
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The ſcale fi 15 the given e 5 thus con- 
ſtructed, what remains to be done i is only to pour 
in linſeed- oil, and adjuſt it to ſuch a quantity, 
that, when the thermometer is placed in the heat 
of any one body marked upon the ſcale, and has 
acquired it very ſlowly and uniformly in every 
part; the ſurface of the oil may reſt exactly at the 
mark belonging to that heat; that is, at o if the 
ball-be placed 1 in compreſſed ſagw juſt. thawing, 
or at 33, if in water juſt bexioniss boil; and 
ſo for any other. 
Artificers generally fill their. thermometers 
with, a glaſs-funnel, whoſe pipe is drawn out, like 
a capillary tube, to a length and ſlenderneſs ſuffi- 
cient to enter the tube of the thermometer and 
reach down to its ball, And if they happen to 
pour in too much liquor, they inſert an nber 
capillary tube, which will attract the liquo 
little and little, till a due quantity be left Behind: 
By a linſeed-oil thermometer well graduated 
and adjuſted as above, many more may ſoon be 
made with oil or any other expanding fluid, with- 
out the trouble of graduating their tubes by 
equal quantities of quickſilver. For having filled 
the balls and a convenient part of the tubes, 
with the fluids propoſed, place them all together 
in a ſkillet of cold water, and while it is Warm- 
ing as gently as poſſible, when the oil in the 
- ſtandard thermometer ſhall arrive ſucceſſively at 
the ſeveral divifions of its ſcale, at the ſame in- 
.. ants of time mark the new tubes at the ſeveral 
- heights of their fluids; and form a ſcale: for every 
„ that ſhall correſpond to thoſe marks. Then 
While. the liquors ſubſide by cooling gently, EX = 
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amine whether Wey correſpond at the reſpedtive 
mukke. 90 

It is eaſy to under ſtand how, by the bedp: af 
quickfilver as above, the ſcale of thouſandth parts 
in the ſtandard thermometer, may be continued 
below the mark 1000; from which the ſcales of 
the new tubes may be continued downwards, by 
placing them all together in ſome freezing mix- 
ture, provided the liquors in the tubes be incapa- 
ble of freezing. Theſe parts of the ſcales are 
neceliary for regiſtering degrees of cold. ' _ 

A thermometer that ſhall vary very ſenſibly by 
very ſmall variations of heat and cold, as thoſe of 
the atmoſphere, muſt have a large ball in propor- 
tion to the bore of the tube; and that the heat or 
cold may ſooner diffaſe ieſelf, even to the inner- 
moſt parts of the included liquor, the ball ſhould 
not be ſpherical but oblong and flatted like a 
French flaſk. Thermometers intended for dif- 
ferent uſes ſhould have tubes of different ſizes and 
lengths, for comprehending a greater or ſmall- 
er number of degrees of heat, ſuĩtable to the 
intended uſes. And it may not be 1 improper to 
place a ſpirit of wine thermometer in the ſame 
frame with that of linſeed- oil, by which the larg- 
er intervals in the new ſcale may be determined; 
and theſe may be ſubdivided into ſmaller, anſwer- 
ing to equal capacities of the tube, as above. 
Being very much pleaſed with the ingenuity 
of the author's method of meaſuring heats, and 
his care and judgment in ſelecting ſo prong a va- 
riety of particulars as ſhould compoſe a ſcale fo 
. Kon corn "regular, for further lakiiißerden in the 
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accuracy of his meaſures, l formerly made an oil 


thermometer 1 in the manner I have been deſcrib- 
ing; and having placed it in ſeveral heats men- 
tioned. by the author, beginning from that of 
water juſt freezing and increaſing to that of its 
boiling vehemently, I found they raiſed my oil 


exactly enough to the marks determined upon 
my ſcale; and judging Sir 1/aac Newton to be the 


author of this admirable paper, as well by the 
ſtyle and manner of it, as by its analogy to ſome 


paſſages in his writings, I was afterwards con- 


firmed in my opinion by talking with him about 
it, and mentioning the agreement of the: ſcale 
with my own experiments. Which I now men- 


tion as an experimental proof of the propoſition _ 


I began with, and as an inducement to thoſe that 
uſe thermometers in philoſophical enquiries, to 


_ conſtruct them in the manner here deſcribed, at 


leaſt till a better be invented; in order to render 


their experiments intelligible and uſeful to the 
world. For it cannot but appear to a thinking 


perſon, even from the theory alone, that all 


thermometers of this conſtruction, notwithſtand- 


ing any difference in the ſhapes and capacities 
of the tubes, muſt needs agree together, to the 


fame degree of exactneſs, as bodies of the ſame 
name and ſort, and in the ſame eircumſtances, 


can agree together in the N 5 RN © 
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An account of ſome ' experiments ſhown before the © 


Royal Society ;' with an enquiry into the cauſe of 


the aſcent and ſuſpenſion of water in capillary 


tube, by Dr. JURIN {a). IVC 


Q OMB days ago a method was propoſe 


) me by an ingenious friend, for making a per- 
petual motion, which ſeemed ſo plauſible, and 


indeed ſo eaſily demonſtrable from an obſervation 


of the late Mr. Hauk/bee, ſaid to be grounded 


upon experiment, that though I am far from hav- 
ing any opinion of attempts of this nature, yet 1 
confeſs I could not ſee why it ſhould not ſucceed. 
Upon trial indeed the fallacy diſcovered itſelf, 
But as ſearches after things impoſſible in them-" - 
ſelves are frequently obſerved to produce other 
diſcoveries, unexpected by the inventor; ſo this 
propoſal has given occaſion, not only to rectify 
ſome miſtakes into which we had been led by 
that ingenious and uſeful member of the Ro. 4 1 


Society above- named, but likewiſe to detect the 


real principle by which water is raifed and ſuſ- 
pended in capillary tubes, above the level, 
I. My friend's propofal was as follows. In 
FIG. 42 let a he be a capillary ſiphon, compoſed , 
of two legs ab, bc, unequal both in length and 
diameter; whoſe longer and narrower leg ab 


having its orifice @ immerſt -in water, the water 
will riſe above the level, till it fills the whole 
la) Reprinted from the Philoſoph. Tranſact. No 355. 
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tube ab, and will then continue ſuſpended. I 
the wider and ſhorter leg 4c, be in like manner 
immerſt, the water will only riſe to ſome height 
as Vc, leſs than the entire height of the tube c. 
This ſiphon being filled with water, and the 
orifice a ſank below the rede ef che e de, 
E friend reaſons thus. 

Since the two columns of water — 1 4 15 
the fuppoſition, will be ſuſpended by ſome power 
acting within the tubes they are contained in, 

they cannot determine the water to move one way 
or the other. But the column bF, having no- 
thing to ſupport it, muſt deſcend and — the 
water to run out at c. Then the preſſure of the 
atmoſphere driving che water upward through 
the orifice a, to ſupply the vacuity, which would 
otherwiſe be left in the upper part of the tube bc, 
this muſt neceſſarily produce a perpetual motion, 
ſince the water runs into the ſame veſſel, out of 
which it riſes. But the fallacy of this reaſoning 
appears upon making the experiment. 
Exp. 1. For the water, inſtead of running out | 
at the orifice c, riſes upward towards /, and run- 
ning all out of the leg 4c, remains ſuſpended 1 in 
the other leg 1 55 eight a, 

Exp. 2. The ſame thing ſucceeds upon taking 
the ſiphon out of tlie j into which its lower 
orifice à had been immerſt, the water then _ 
ing in drops out of the orifice a, and ſtanding 
laſt at the height 26. But in making 3 — 

experiments it is neceſſary that a g the difference 


of the legs exceed /e, opera the water wall 
not run either way, 
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1 3. Upon inverting the ſiphon full of 
water, it continues without motion either way. 
The reaſon of all which will plainly appear, 
hen we come to diſcover the principle by which 
the water is ſuſpended in capillary tubes. 
II Mr. Hau#ſbee's obſervation is as follows. 
In FIG. 43 let abfc be a capillary ſiphon, into 


which the water will riſe above the level to the 


height cf; and let 42 be the depth of: the orifice 
of its longer leg below the ſurface of the water 
de, Then the ſiphon being filled with water, if 


54 be not greater than c f, 6a water will not run 


out at a, but will remain ſuſpended. - 
This ſeems indeed very plauſible at firſt Gahe. 


For fince the column of water fc will be ſuſ- 


ded by ſome power within the tube, why 

ſhould not the column ba, being equal to, or leis 

than the former, continuerfu{pented: gh the fans 
ower ? 

Exp: 4 In fac, if the orifice c be lifted up out 
of the water de, the water in the tube will con- 
tinue ſuſpended, unleſs ᷣͥ exceed CG. 

E xx. 5. But when c is never ſo little immerſt 
in the water, immediately the water in the tube 
runs out in drops at the orifice a, though the 
n ab be conſiderably leſs than the height /. 
Mr. Haukſbee i in His Book of Experiments has 
advanced another obſervation, namely, that the 
ſhorter leg of a capillary ſiphon, as $4 7 e, muſt 
be immerſt in the water to the depth fe, which 
is equal to the height of the 8 that would 
be ſuſpended in it, before the water wall run 
out 8 the longer leg. | 
Exe, 


ter 


* 
* 
«8 n 
_— OI — 
—— — — * — 


. * 
* 
N — 
% = 
* 
A a . 4 
„ ; 
= = . 
£ . 
9 8 — vt — x i — , . - — — 45 g S) 8 l : 
0 —— yu. whe . — — Me « - 4 - - — - - - 2 n 
- : = . : - . oy 2 : . 5. -- — £ . 2 5 2 — — .. 2 —— ks ——ů— ws > — bs a — — Yo, em. - — 
"> , = > 2 _ — — ; F . = — „ — 2 * — . 23 $4 — — ee on — — — — > X P —— — — — 
1 ues B ——— pens ¶ IMA — ů — hy N as. e ee Ae uy ab tengo” I. hang MW 2 —— & r r — RS wm 12 8 10 * — — 2 „ 
Bun * > N 2 ws «+. 2 £8 — — by - * _ 
3 2 = fog r l PR TO — a — = Þ * — 4 = \ bei \ \ > _ irons - 2 
- Pane % * - 2 Arr. 2. Te 1 ns L 1 — . — - a - — — — — — — = - 
Mw. 3 n * W 0 1 g =_ - - 


j 
N 
IG 
. 
* 
. 
1 
* ! 
1 
1 
by \ {> 
3 a 
=y — 
1154 
LS { 
\ 4 
1 
3 
- : 
ou 1. 
1 
= 4 
LS 
ti = 
by p % 
#1 
| a 
þ | 
| [4 
5, th 
| ' 
in 5 
* | 
- 3 
N 5 
17 
0 i 
+ KY [ 
{ 
1 ' 
1 
by l ' 
\ 4 N 
A 
- i, } 
* : 
3 2 fi 
2 1 *3 
'S 4 
= A ! 
\ .. 14 
ig / 
—_ i! 
| x! 
r 
4 7 * 
7 
N. ji 
1 . 
[ 
4 . 
11 
5+ 1 
17 i 
5 8 N 
* tf 
{4 
b '' 
ii 
. 1 
17. f 
1 | 
144" " 
n 
1 : 
N 1 N 
+: " 
1 , 
1 : = 
ih : 
« þ i 
: 5 
7 ; 
\ B 
10> 
ro: | 
2 [ 
10 5 
E [ 
$1 
4 , 
3% | 
F. 
Th | 
. us 
1 
1 L 
3475 1 
4 | 
oF 
r 
449 
# 54 1 
* 
[ 
U 
* 
* x 
1 
# 
i 
c] 148 
$+þ 
iq 
Fit 
14) | 
r 
99 77 
El { 
1 | 
\l | 
l 
if | 
11 1 
38.44 
4 £ 


268 | | Of the ſuſpenſion of water 


* 


Exr. 6. From what miſtake this has proceed- 


| ed, I cannot imagine; for the water runs out at 


the longer leg, as ſoon as the orifice of the ſhorter 
leg comes to touch the ſurface of the ſtagnant 
water, without being at all immerſt therein. 
III. I proceed now to enquire into the cauſe of 
the aſcent and PERL of water In aba, 


| Tubes. 


That this phænomenon is no way owieg to the 


| preflure of the atmoſphere, has been, I think, ſuf- 


ficiently proved by Mr. Hau#ſbee's experiments. 

And that the cauſe aſſigned by the ſame perſon, 
namely, the attraction of the concave ſurface, 1 in 
which the ſuſpended liquor is contained, is like- 


wile inſufficient for Pg Wir ok 1 thus 


demonſtrate. 

Since in every capillary tube the height, to 
which the water will ſpontaneouſly aſcend, is re- 
ciprocally as the diameter of the tube, it follows, 


that the ſurface containing the ſuſpended water in 
every tube is always a given quantity : but the 


column of water ſuſpended, is as the diameter of 
the tube. Therefore, if the attraction of the 


5 containing ſurface be the cauſe of the water's ſuſ- 


penſion; it will follow, that equal cauſes pro- 
2 unequal effects, which is abſurd. __ 
T0 this it may perhaps be objected, that in 
two tubes of unequal diameters, the circum- 
ſtances are different, and therefore the two cauſes, 
though they be equal in themſelves, may pro- 
duce effects that are unequal. For the leſſer tube 
has not only a greater curvature, but thoſe, parts 
of the water, which lie in the middle of the tube, 


4 are 


ate nearer to the attracting ſurface, than in the 


wider. But from this, if any thing follows, it 
muſt be, that the narrower tube will ſuſpend the 
greater quantity of water, which is contrary to 


experiment. For the columns nn are as 


the diameters of the tubes. e 

But as experiments are generally more ati 
factory in things of this nature, than mathemati- 
cal reaſonings, it may not be amiſs to make uſe 


of the following, which appear to me to nnn | 
an experimentum crucis. 


In Fi. 44, the tube cd is . of two 
parts, in the wider of which the water will riſe 
ſpontaneouſly to the height 5 f, but the narrower 
part, if it were of a ſufficient length, would raiſe 
the water to a height equal to cd. | 

Exp. 7. This tube being filled with water, and 
tha wider end e immerſt in the ſtagnant water ab, 
the whole continues ſuſpended. fo 

Exp. 8. The narrower end being immerſt, as 
in FIG. 45, the water immediately ſubſides, and 
ſtands at laſt at the height 4g equal to /. B 

From which it is manifeſt, that the ſuſpenſion - 
of the water in the former of theſe experiments 
is not owing to the attraction of the containing 
ſurface ; ſince, if that were true, this ſurface be- 
ing the ſame, when the tube is inverted, would 
ſuſpend the water at the ſame height. | 

IV. Having ſhewa the . of this 
hypotheſis, I come now to the real cauſe of that 
phænomenon, which is the attraction of the peri- 
phety;'s or N of the ſmall enpular "Frey of 


270 Of the ſuſpenſion of water 
the inſide of the tube, to which che upper ſurface | 
of the water is contiguous and coheres. 
For this is the only part of the tube, from 
which the water muſt recede upon its ſubſiding, 
and conſequently the only one, which by the 
force of its coheſion or attraction, ing the de- 
ſcent of the water. 
This likewiſe is a cauſe proportional to the 4. 
ſect which it produces; ſince that periphery, and 
the column ſuſpended, are both in the fame pro- 
portion as the diameter of the tube. 
Though from either of - theſe ee it 
were 4 to draw a juſt demonſtration, yet to 
put the matter out of all doubt, it may be proper 
to confirm this aſſertion, as we have done the 
former, by actual experiment. 9 407 
Loet therefore, 1 In FIG. 46, 875 be a ITO like 
that made uſe of in the th and 8th experiments, 
except that the narrower part is of a greater 
length; and let af and 6g be the heights, to 
which the water would {pontancooty: iſe in the | 
two tubes ed and dc. 

Exp. 9. If this tube have its widey orifices” c 
imer into the water ab, and be filled to any 
height leſs than the length of the wider part, the 
water will immediately ſubſide to a level with the 
point g; but if the ſurface of the contained water 
enter never ſo little within the ſmaller tube e d, 
the whole column dc will be ſuſpended, provid- 
ed the length of that en do not exceed the 

In this experiinents ” is aue . ebe no- 
[thing to ſuſtain * water ratlo 2 5 KH ex- 
| 9 cept 
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cept the contact of the periphery of the lefler 
tube, to which the upper . of the water is 

_ contiguous. For the tube de, by the ſuppoſition, 
is not . to ſopport the water at a nen be 
tian 6g. 
Ex. 10. When the ſame tube is inverted, as 
in FIG. 47, and the water is raiſed into the lower 
_ extremity of the wider tube cd, it immediately 
links, if the length of the fofpended column 44 
be greater than g; whereas in the tube de it 
would be ſuſpended to the height a/. From which 
it manifeſtly appears, that the ſuſpenſion of the 
column + does not depend upon the attraction of 
the tube de, but upon the periphery of the wider 
tube, with which its upper ſurface is in contact. 

V. For the ſake of thoſe, who are pleaſed with 

ſeeing the ſame thing ſucceed in different man- 
ners, we ſubjoin the two following experiments, 

which are in ſubſtance the ſame with the m_ 
and 1oth. 

In Fi6.48, abc is a phon, in wind sher 
aud ſhorter leg ab, if it were of a ſufficient length, 
might be ſuſpended a column of water of the 

height e /; but the longer and wider leg bc will 

ſuſpend no more than a column of the length g h. 

Exe, 11. This fiphon being filled with water, 
and held in the ſame poſition, as in the figure, the 
water will not run out at c the orifice of the 
longer leg, unleſs de the difference of the legs ab 
and bc, exceed the length ef. 

Ex. 12, If the narrower leg 4c be 80 than 
ab, as in FIG. 49, the water will run out at c, if 
de the difference of the legs exceed e Mn ; otherwite 
it wil remain ſuſpended. 


In 
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In theſe, two experiments it is plain, that 


the columns 4c are ſuſpended” by the attraction 


of the peripheries at a, ſince their lengths ate 
equal to e, or to the length of the column, which 
by the ſuppoſition thole peripheries are able to 
ſupport ; whereas the tubes 6e will [ſuſtain 
columns, whoſe lengths are equal to gh. _ 
VI. Though theſe experiments ſeem to be con- 
Alis, yet it may not be improper to prevent an 
objection which naturally preſents itſelf, and 
which at firſt view may be thought ſufficient to 
overturn our theory, - | 
For fince a periphery of the tube ed, in FIG. 
46, is able to ſuſtath-no more than a column of 
the length a f, contained in the ſame tube; how 
comes it to ſuſtain a column of the ſame length 
in the wider tube 4e, which is as much greater 
than the former, as the ſection of the wider tube 


_ exceeds that of the narrower ? 


Again, if a periphery of the wider tube 40 c, in 
Fi. 47, be able to ſuſtain a column of water in 
the ſame tube, of the length g; why will it ſup- 
port no more than a column of the ſame length 
in the narrower tube ed? 

Which queries may likewiſe be made with re- 
gerd to the 11th and 12th experiments. 

The anſwer is eaſy, for the moments of thoſe 
two columns of water are preciſely the ſame, as 


if the ſuſtaining tubes ed and cd, were continued 


down to the ſurface of the ſtagnant water 463 

ſince the velocities of the water, where thoſe co- 
lumns grow wider or narrower, are to the velo- 
cities at the attracting peripheries, ir as 
the different ſections of the columns. | 
. Exe. 


\ 
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Bunk I 3. F rom which conſideration ariſes this 
ebene Tots that a veſſel being given of 
whatſoever form, as abc, in FG. 50, and con- 
taining any aſſignable quantity of water, how 
b 0 ſoever ; that whole quantity of water may 


ſuſpended above the level, if the upper part of 
the — ebe drawn out into a capillary tube of a 


a ſufficient fineneſs. 

But whether this experiment will Good: 
when the height of the veſſel is greater than that, 
to which water will be raiſed by the preſſure of 


the atmoſphere, and how far it will be altered by 


a vacuum, I ſhall give an account in my next 
paper. a 

Having diſcovered the cauſe a the ſuſpenſion 
of water in capillary tubes, it will not be difficult 


to account for the ſeemingly ſpontaneous aſcent 


of it; for ſince the water that enters a capillary 
tube, as ſoon as its orifice is dipt therein, has its 
gravity taken off by the attraction of the periphery, 
with which its upper ſurface is in contact, it muſt 


neceſſarily riſe higher, partly by the preſſure of 


the ſtagnant water, and partly by the attraction 


of the periphery immediately above that, which 
18 $ already contiguous to it, 
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tn account of. bn new experiments relating to the 
ackion of glaſs tubes upon water and Wy, 
. by Dr. Jurin Ja). 


1. N the foregoing diſcourſe, preſented to the 
Royal Society, I maintained that the ſuſ- 


1 —.— of water in a capillary tube was owing to 
the attraction of a ſmall annular ſurface on the 


infide of the tube, which touched the upper. part 


ol the water. Among the ſeveral experiments 
made uſe of to prove this aſſertion, was that of a 


laſs funnel of ſeveral inches diameter, having its 
{mall end drawn out into a very fine tube, which 
funnel being inverted and filled with water, the 
whole quantity of water therein contained was 


ſuſtained above the level by the attraction of that 
narrow annulus of glaſs, with which the upp 


ſurface of the water was in contact. 

Soon after that diſcourſe was printed, came 
out a book publiſhed by a learned and 1 ingenious 
member of this Society, in which that experiment 
was accounted for in the following manner. 


FIG. 51. H there be a funnel, as ABC, full of 


water, and whoſe wide end flands in a veſſel of water 


as BC; and the top of the funnel A ends in a capil- 
lary tube open at A, the whole water will be ſuſ- 


trained: the pillar Aa by the attraction of the circle 


of glaſs within the tube immediately above it ; and 


| all ithereſt of the pillars of water, as F f, Dd, Ee, 


Gg, Sc. in ſome meaſure by the attraction of the 
1 of the glaſs above them, as F, D, E, G: and 
wr Reprinted from the Philoſoph. Tranſact. Ne 363. ; 
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that the ſmall pillars or threads of water D d and 
Ee, db not flide down to F fand Gg, and ſo go quite 
down, ſeems to be owing to their cobęſion with the 
pillar Aa, which 7s ſuſtained by the capillary tube 
A: for if you break off the ſaid tube at DE, the 
whole water will preſently fink down. 

As this ſolution was very different from what 
I had before given, and the reputation of that 
gentleman, whoſe great knowledge in experi- 
mental philoſophy is generally known, was ſuffi- 
_ cient to give weight to any of his opinions; I 
thought myſelf under an obligation to examine 
his account of the experiment, in order either to 
demonſtrate its inſufficiency, or to retract my own 
ſolution. Accordingly at the next meeting of the 
Society, I produced the following experiment. 
In FG. 52, the funnel gc, whoſe lower 
pur befg, was cylindrical to a conſiderable 
height, and whoſe top was drawn out into a fine 
tube at a, being filled with water to the height 
bf; fo that the ſurface of the water Fg, did not 
reach to-the arched part of the funnel ; I touched 
the end à with a wetted finger, whereby a ſmall 
quantity of water being inſinuated into the capil- 
lary tube at a, the water contained in the funnel 
was ſuſpended above the level of the water in the 
Ciſtern de, as in the former experiment. 
In this experiment it is manifeſt, that the little 
columns, into which we may ſuppoſe the cylinder 
of water, fg bc, to be divided, are no way ſuſtain- 
ed by the attraction of the arched part of the glaſs 
above them, ſince they have no contact with it. 
Nor is there any ſuch middle pillar of water, 
bs 7” 8 - which, 
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: which, by its contact with the tuhe at top, is both 
- ſuſtained itſelf, and helps to ſupport the pillars | 
about it. Upon the ſuppoſition. of which two par- 
ticulars, that gentleman's ſolution was founded. 
This experiment may be thus accounted. for. 
| The cylinder of water fg e, by its weight ba- 
lances a part of the preſſure of the atmoſphere, 
which is incumbent on the water in the ciſtern, 
and endeavours to force that cylinder upwards, 
The reſt of that preſſure is balanced by the ſpring 
of the air, a fg, which is included between the 
cylinder of water fg bc, and the little column of 
water in the capillary a. * But, as this air by its 
ſpring; preſſes equally every way, it muſt ix al 
as much of the preſſure of the atmoſphere upon 
4 little column of water at a, as it does of that 
the water in the ciſtern. The remainder of 
the preſſure of the atmoſphere upon the column 
of water at à is ſuſtained by the force, with which 
that column adheres to the capillary tube, which 
therefore does exactly balance the weight of the 
cylinder of water 7g 6c, and is the real, though 
not the immediate, cauſe of its ſuſpenſion. 
The experiment ſucceeds in the ſame manner, 
when a column of quickſilver is raiſed into the 
funnel, inſtead of the column of water I5gbe, the 
top of the tube being touched with a wet finger 
as before. But then the height of the quickſilver 
in the funnel muſt be as much leſs than that of 
the water, as its ſpecifick gravity is greater. 
II. I proceed now to acquit myſelf of a promiſe 
I made in the diſcourſe abovementioned, of exa- 


mining whether the re therein contain- 
FA ed 
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ed would ſucceed in vacuo; and whether water 
could be ſuſpended in a wide tube by means of a 


capillary at top, at a greater height, than what it 


can be raiſed to by the preſſure of the atmoſphere. 
In order to this, I boiled ſome water, and after- 


wards purged it of its air, by means of the air- 


mp; which being done, thoſe experiments all 
Bes esdel in the exhauſted receiver, in the ſame 
manner as in the open air. 

The 13th experiment in particular was made 


with a tube of about 35 inches in length, and a 


e of an inch diameter, the top of it being 
drawn out into a fine capillary. Which being 
filled with water purged of its air, as beforemen- 
tioned, the whole quantity continued ſuſpended 
in the exhauſted receiver. 

This plainly ſhews, that the Wet of that ex- 
periment does not depend upon the preſſure of 
the air, ſince the ſmall quantity of air left in the 
receiver was by no means capable of ſuſtaining 
the water at ſo great a height, and conſequently 


that the height, at which water may be ſuſpended 


in this manner, is not limited by that preſſure. 
But here I muſt not omit taking notice of a 
conſiderable difficulty, which preſents itſelf to 


thoſe who attentively conſider this experiment. 


In order to make which the better appear, it will 

be proper to obſerve, what happens, when afim- 
ple capillary tube is filled with water purged of 
air, and incloſed in the exhauſted receiver. 


In this caſe the whole column of water con- 


tained in the tube, ach, Fic. 53, is ſuſpended by 
the attraction of the annulus at the top of the 
„ | tube, 
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tube, a: and though that annulus does not im- 
| mediately act upon any part of the water, except. | 
what is either contiguous to it, or ſo near as to be 
within the ſphere of its attraction, which ex- 
tends but to a very ſmall diſtance; yet it is im- 
poſſible, that any other part of the water, as for 
inſtance that at c, ſhould part from the water 
above it, and ſink down; becauſe its deſcent is 
Oppoſed by the attraction of the contiguous annulus 
at c. For this being equal to the upper annulus 
at a, is capable of ſuſtaining a column of water of 
the length a, and conſequently is more than ſuf- 
| ficient for ſupporting the column of water below 
it, . From which it is plain, that no part of 
the water contained in the tube can poſſibly de- 
ſcend, unleſs the upper part, affiſted by the 
weight of the water below it, be ſufficient to over- 
come the attraction of the annulus of glaſs at a. 
But in ſuch a compound tube, as that made 
uſe of in our experiment, ach, FIG. 54, the caſe 
is very different, and it does not eaſily appear, 
why in a vacuum any part of the water in the 
wider part of the tube, as for example at c, ſnould 
not leave that which is above it and deſcend; 
ſince the annulus at c is by much too wide to ſuſ- 

tain a column of water of ſo great a length as ch. 
The beſt anſwer I can give to this difficulty is, 
that the coheſion between the water contained in 
the capillary and that below it, is ſufficient to ba- 
lance the weight of the column ſuſpended. - But 
how far this coheſion may depend upon the preſ- 
ſure of a medium, ſubtle enough to penetrate the 
receiver, is worthy of conſideration. For though 
| ſuch 


upon water 264 quickfibver.” 279. 


ſuch a medium will pervade the pores of the wa- 
ter, as well as thoſe of the glaſs, yet it will act 


with its intire preſſure upon all the ſolid particles, p 


if T may ſo call them, of the ſurface of the water 
in the ciſtern ; whereas ſo many of the ſolid par- 
ticles of the water in the tube, which happen to 
lie directly under the ſolid particles of the water 
above them, will thereby be ſecured from this 
preſſure; and conſequently there will be a leſs 
_ preſſure of this medium upon any ſurface of the 
Water in the tube below the capillary, than upon 
an equal ſurface of the water in the ciſtern. So 


that the column of water ſuſpended in the tube. 


may be ſuſtained by the difference between thoſe 
two preſſures. This explication ſeems to be 
favoured by the following experiments, which 
may all be accounted for in the ſame manner, 
though I ſhall anon mention another cauſe, which 
contributes to the ſucceſs of the firſt and ſecond. 

The firſt I ſhall mention is the famous experi- 
ment of the ſuſpenſion of mercury purged of air, 
to the height of 70 or 75 inches, in the Torri- 
cellian tube, in the open air. To which we may 
add the ſuſtaining of mercury, lixewiſe purged of 


air, within the exhauſted receiver, as related by 


the learned Monſ. Papin in his Continuation da 
Digeſteur. I forbear to mention the ſuſpenſion of 
water purged of air in the vacuum, which he de- 
ſeribes in the ſame book; becauſe there is little 
difference between that experiment and our own 
above- mentioned; the very top of the arched 


part of his tube, which top we may ſuppoſe as 


TRAD as we pieaies ſupplying the place of the fine 
S 4 capillary 
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| = at the top of our tube. But we muſtnot 


omit the experiments made by the famous Monſ. 
Huygens, and deſcribed by him in Philoſoph. 
Tranſact. Ne 86, of the cohering of poliſhed 


| plates, with a conſiderable force in the exhauſted 
receiver; as likewiſe of the running of water and 


mercury, when purged of air, through a ſiphon 


of unequal legs in the vacuum: all which he ac- 
counts for from the ſame principle, and much in 


the ſame manner, as we have uſed for: ax planing 


the experiment above. 


III. As to the exiſtence of 3 a i. X | 
ſhall content myſelf to refer to what has. been 
ſaid by our illuſtrious Preſident in the Queries at 


the latter end of the laſt edition of his Opticks. 


And as I have lately had the honour to entertain 
the Society with ſome experiments upon quick- 
filver, which were exactly the reverſe of thoſe 
made by Dr. Taylor, the late Mr. Haulſeee and 


myſelf, upon water; by which I am now enabled 
to throw this whole affair into a little ſyſtem by 

itſalf, I ſhall lay it down in the following propo- 

ſitions, the proof of which is contained in the 
experiments annexed. | 


Prop. 1. The el, of water attratt ane 


another. 


- 


This, Ichink, is nov univerſally 1 


ed, and therefore needs no demonſtration ;: the 


ſphericity of the drops of rain, and the running of ; 


two drops of water into one another agen als 
contact, manifeſtly. proving it. 


Prop. 2. The particles of qu iu er attract a one 


anger. 


This 
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This is likewiſe manifeſt from the ſpherical 
figure, into which a drop of mercury forms itſelf. 
upon'a table; and from two of them e 
running together, as ſoon as they come to touch. 

Prop. 3. Water is attracted by glaſs. 

This plainly appears from all the et 
that we have thewn upon this ſubject. | 
Prop. 4. Quictſilver is attratted by YT 

Exp. 1. If a ſmall globule of quickſilver be laid 
upon a clean paper, and be touched with a piece 
of clean glaſs; upon drawing the glaſs gently a- 
way, the quickWyer will adhere to it, and be 
drawn away with it. And if the glaſs be lifted 
up from the paper, the quickſilver will be taken 
up by it, in the ſame manner as a piece of iron is 
drawn up by the loadſtone, and will ſtick to the 
glaſs by a fe ſurface of a conſiderable breadth, 
in proportion to the bulk of the drop, as mani- 
feſtly appears by an ordinary microſcope. Then 
if the glaſs be held a little obliquely, the drop of 
mercury will roll ſlowly upon its axis along the 
under fide. of the glaſs, till it comes to the end, 

where it will be ſuſpended as before. 
Exx. 2. If a pretty large drop of mercury be 
laid upon a paper, and two pieces of glaſs be 
made to touch it, one on each ſide; upon draw- 
ing the glaſſes gently from each other, the drop 
of mercury will adhere to them both, and will 
be viſibly drawn out from a globular to an oval 
ſhape; the longer axis paſſing through the middle 
of thoſe N in which the WN touches the 
g 

Prop: 
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Prop. 5 The particles of water are more Prongly ; 
attratted 55 glaſs than by one another. 
This manifeſtly appears from the riſing of wa- 
ter in ſmall tubes above the level. For when the 
water begins to riſe into a capillary tube, all the 
particles of water, which touch the ſmall annulus 
at the bottom of the tube, muſt have quitted the 
contact of the other water, and have riſen contra- 
ry to their gravity, to come into contact with the 
glaſs. After the ſame manner the other experi- 
ments of Dr. Taylor, Mr. Haukſbee and myſelf, 
upon this ſubject, are eaſily explicable. For upon 
a a careful examination, it will be found in them 
' all, that ſome parts of the water quit the contact 
of the other water, and Join themſelves to the 
3 
7 Prop. 6. 7 he Nene of TY OI are more 
Aue attracted by one another, than by glaſs. 
Exp. I. If a ſmall tube as ab, FIG. 55, open 
at both ends, be dipt into a glaſs veſſel fi led with 
mercury, and be held cloſe to the fide of the veſ- 
ſel, that the riſe of the mercury within it may a 
pear ; the mercury will partly enter into the 
tube, but will ſtand within it at fome depth, as 
ce, below cd the ſurface of the quickſilver in the 
veſſel, and this depth will always be reciprocally 
- as the diameter of the tube. i 
In this experiment a column of quickſilver of 
the height ce endeavours to force the mercu 
higher into the tube; and as glaſs has been al- 
ready proved to attract quickfilver, the attraction 
of the annular ſurface on the inſide of the tube, 
We is contiguous to the upper part of the mer- 


cury, 
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cury, will likewiſe conſpire to farther its aſcent. 
What oppoſes the aſcent of the quickſilver, is the 
power, by which that part of it, which endea- 
vours to riſe into the glaſs, is drawn back by the 
attraction of the other mercury, with which it is 
in contact laterally, and this does not only balance 
the attraction of the glaſs, but likewiſe the weight 
of a.column of mercury of the height ce, and 
conſequently this attraction is  confiderably 
ſtronger tham the attraction of the glaſs. 

The cauſe therefore, that ſuſpends the weight 
of the column of mercury ce, being the difference 
between the attraction of the annular ſurface of 
the tube at e, and that of an equal ſurface of the 
quickſilver in the ciſtern, from which the mer- 
cury, that endeavours to riſe into the tube, muſt 
recede, in order to unite jitſelf to ſuch an annulus 
of the glaſs, will always be proportional to that 
annular ſurface, or to the diameter of the tube. 
And ſince the column ſuſtained muſt be propor- 
tional to the cauſe that ſuſpends it, that column 
muſt likewiſe be as the diameter of the tube. But 
the column ſuſpended is as the ſquare of the di- 
ameter of the tube, and the height ce conjointly; 
from which it follows, that the height ce muſt 
be as the diameter of the tube in as it 
is found to be by experiment. 

_The experiment of the aſcent of water above 
the level i in a capillary tube, is juſt the reverſe of 
this. | | 

Exe. 2. QaickBleer RET poured into the ir in- 
verted ſiphon ach, FIG. 56, one of whole legs ac 
is narrower than the other c6; the height ce, at 
9 7 which 


* 
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Es the mercury ftands in the wider leg ch, is 
greater than the height c d, at which it ſtands in 
Fen narrower. leg c a. To 

Oa the contrary, water ſtands ETA in the 
üer! leg, than in the wider. 

Exp. 3. In Fic. 57, abcd repreſents a rectan- 
gular plane of glaſs, which makes one ſide of a 
wooden box. On the inſide of this is another 
| glaſs plane of the ſame ſize, which at the end ac 
is preſt c'oſe to the former, and opens to a ſmall 
angle at the oppoſite end 3d. When mercury is 
poured into this box to any height as ce, it inſi- 
nuates itſelf between the two glaſs planes, and 
riſing to different heights between the glaſſes, 
where the opening is greater or leſs, it forms the 

common hyperbola g/; one of whoſe afymp- 
totes ef is the line in which the ſurface of the 
mercury in the box touches the inner glaſs; z the 
pr is the line ac, in which the planes are join- 
This hyperbola being carefully examined by 

Mer Heukſbee and myſelf, the rectangles eg, 
whereſoever taken, proved always equal to one an- 
other, to as great an accuracy as could be expect- 
ed, when the planes were opened to any conſi- 
derable angle: but when the opening was very 
mall, the inequalities of the planes, though the 
| beſt I could procure, bearing a greater proportion 
than before to the diſtance between them, oc- 
caſioned a ſenſible variation, Which, by. the way, 
I take to be the reaſon, why t the ordinates found 
by the late Mr. Haukſbee, in examining the curve 
produced in a N e Þ upon dipping 


i 


pon water and quickftoer. 28 5 
two glaſs planes ſo joined into ſpirit of wine, do 
not anſwer to thoſe of the hyperbola. 

Exp. 4. In'Fio. 58, ab is a perpendicular fec- 
tion through two glaſs planes joined at a, and 
opened to a ſmall angle at 5; c repreſents a pretty 
large drop of mercury, the larger the better, 
which being made to deſcend as far as c, by 
holding the planes in an erect poſture, with the 
end 2 downwards, retires from the contact of the 
planes to d, upon inclining the planes towards an 
horizontal ſituation; and the diſtance cd becomes 
greater or leſs, as the planes are more or leſs i in- 
clined towards the horizon, 

A drop of any oily or watery liquor moves thi 
contrary way, as has been ſhewn of: the late Mr. 
Hauser. 

Exp. 5. In Fic. 59, ab is a tube open at both 
ends, and a foot or two in length, whoſe lower 
part is drawn out into a fine capillary at 6, This 
tube being filled with mercury, the whole column 
of quickſilver will be ſuſtained in it, provided the 
capillary tube at 5 be ſafficiently ſmall. But if the 
mercury in the end þ be ſuffered to touch any 
other mercury, it runs all out of the tube. 155 
without letting it touch any other mercury, a 
ſmall part of the end 4 be broken off, the mercu- 
ry will run out, till it comes to ſome leſſer height 
as bc, at which it will again ſtop, the height 4c 
being nearly in a reciprocal proportion to the di- 
ameter of the ſmall end of the tube. 

The ſeventh experiment in the former paper i is 
the reverſe of this. 

Exp. 6. Is the fame in ſubſtance with the fort 

| mer, 


Of the action of chef tubes. 
mer, my made. with" a large laſs-funnel a6, Ine 
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ſtead of a tube, Fr. 60. 
Ihe reverſe of this in water is the thirteenth 
| experiment i in the former paper. 
In all theſe experiments it is eaſily ſeen, that 
the effect is owing to the difference between the 
two attractions, by which mercury tends to glaſs 
and to its 'own body; they being always oppoſed 
to one another, ſo that a particular explication is 
no way neceſſary. But perhaps it may fave ſome 
little trouble to the reader, to remove the follow- 
ing objection, which will readily occur to him. 
In the experiments brought to demonſtrate the 
fourth propoſition, the globule of mercury ad- 
heres to the glaſs ſurface, which cannot be done 
without increaſing the ſurface of the globule, and 
conſequently removing ſome of its particles from 
the contact of one another. If therefore they tend 
more ſtrongly to one another than to the glaſs, 
why do they not recede from the glaſs, and aſ- 
ſame a figure perfectly ſpherical, Kt they may 
have the greateſt contact with each other? 
"To this we may anſwer, that the power by 
which mercury is attracted either by glaſs, or by 
other mercury, is proportional to the attracting 
ſurface ; and therefore, though, ceteris paribus, 
the tendency, of mercury to glaſs, is not ſo ſtrong 
as its tendency to other mercury, yet in this caſe 
a much greater number of mercurial particles 
coming into contact with the glaſs, than what 
recede from the contact of one another, it is no 
wonder that the attraction of the glaſs prevails, 


and cauſes the giobule to adhere to it. For the 
„ number 


upon water and quickſitoer. 287 
number of mercurial particles which loſe their 
contact with the other mercury, is no more than 
what makes up the difference of ſurface, which 
ariſes from changing the figure of the drop; 
whereas the particles, which by this means come 
to adhere to the glaſs, are all thoſe that conſtitute 
the plane ſurface, in which the globule touches it. 
Which conſideration ought likewiſe to be ap- 
plied to the ſuſpenſion of quickſilver in glaſs- 
tubes, either at extraordinary heights in the open 
air, or at leſſer heights in a vacuum, as above- men- 
tioned... For the top of the tube being ſpherical, 
or nearly ſo, it will be found, that the contact of 
the mercury with the extremity of the tube, is 
to the contact with other mercury, which would 
be gained by its leaving the top of the tube, and 
deſcending a very ſmall ſpace, in a ratio infinitely 
great; and conſequently that the contact of the 
mercury with the top of the tube is one cauſe of 
its ſuſpenſion. _ „ 1 5 


Corol. 1. From this propoſition it appears, that 
in a barometer made with a narrow tube, the 
quickſilver will never ſtand at ſo great a height 
as in a wider. Which accounts for the phænome- 
non ſo often mentioned, in the yearly hiſtory of 
the Royal Academy of Sciences at Paris, by Monſ. 
De la Hire; that in the barometer, which he 
conſtantly made uſe of for His annual obſervations, 
the quickfilver did not riſe fo high, as in another 
he kept by him, by about three lines and a half, 
which is near a third of an inch our meaſure : for 
he tells us, that the tube of his barometer is very 
ſmall. . So that there is no need to have recourſe 
to any peculiarity, either in the quickſilver or the 
l | glaſs 
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288 Of the action of glaſs tubes, &c. 

glaſs of which that tube was made; or to an un- 
perceived remnant of air left in the tube, from 
ſome of which cauſes that effect, and ſome others 
of the ſame kind were imagined to proceed. 

Corol. 2. In a barometer made with a ſmall 
tube, the mercury will riſe and fall . dee, 
For, as the height of the mercury depends partly 
upon the diameter of that part of the tube that 
touches the upper ſurface of the mercury, it is 


plwkain, that the unavoidable inequalities in the di- 


— 


ameter of the tube will be more conſiderable, in 
reſpect to the whole diameter; and conſequently 
will affect the height of the mercury more in a 


ſmall tube than in a wider. And this I take to be 
the reaſon why it is ſo very difficult, not to ſay 


impoſſible, to make two barometers which ſhall 


exactly agree in the height of the quickſilver in 


all conſtitutions of the air, eſpecially if the tubes 


be very narrow. This irregularity. is ſtill more 
conſiderable in the pendent barometer, in which 


the quickſilver moves through a large ſpace, in 


order to make a ſmall alteration in the length of 
the column ſuſpended. The ſame conſideration is 
eaſily extended to thoſe levels, that depend upon 


the riſing of mercury to the fame height, in the 
oppoſite legs of a bent tube; an inſtrument of 
which kind has been lately offered. And as the 
effect is juſt contrary in: levels made with water 


or ſpirit of wine, due regard ought to be had to 


this property in the conſtruction of thoſe inſtru- 
ments, by making the tubes ſufficiently wide, in 
order todiminiſh the error as much as poſſible. | 
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to the Notes. 
PE, 1 
IR, | | 
its Denſity how much increaſed by compreſſion, 117, 
its Elaſticity, | 
what, 105. 


how cauſed, 126. | 
equivalent to the compreſſing force, 105. 
| equivalent to the weight of the atmoſphere, 105. 
directly as its denſity, 113. 
reciprocally as the ſpace it poſſeſſes, 113. 
its Specifick Gravity, 
determined ſeveral ways, 110 (c), III, 183, 239. 
by Galileo, 184. 
by Merſennus, 188. 
by Haukſbee, 190. 
the medium that propagates ſounds, 200. 
its undulations or pulſes explained, 205. 
compreſſed, has different effects from thoſe of common air, 
2209. 
compreſſed, e more fuel than © common air, 234. 
artificial, 
produced by fermentations, diſſolution, and fire in va- 
cuo, 220, 235, 230. 
its production helped and hindered ſeveral ways, 223,224. 
has different effects from thoſe of common air, 226. 
its effects upon animals, 231. 
its Spring not altered in a long time, 239. 
may be partly — 240. 
AlR-PUur, 
n by Otto G 156. 


'S 


improved 


1 N 'D E X. 
improved by Mr. Bayle, 157. Aelg dd ip Yo 
improved by. Mr. Haukſbee, 164. 155 | ee, es 
exhauſts 2 air, in what manner, 165. 
rarefies the air in a receiver to any given degree, denn by 
tables, 174. 
cannot exhauſt the whole air, 2 — 170. | 
its Gage conſidered, 170. 
ANIMALS, | 
how affected by artificial air, AY 
how by a vacuum, 233. 51187 by 8 
ARCHIMEDES, tuft cultivated Hydroſtaticks, 2. 5 } 
firſt determined the ſpecifick gravity of bodies, 557. 1 
determined the allay in K. Hiero's crown, 57. 
his book de Inſidentibus Humido conſidered, 44, 57 


ASCENT (and Deſcent) of bodies n. nnn 44-46 
of bubbles and i ** 54. | AXTOS 

ATMOSPHERE, * 011 nogu 230 Set 

its Preſſure, 1780 
firſt ſuggeſted by Galileo, 2, TE gg 9175 | 
proved by the Torricellian experiment, 96. 830 
proved by the Paſcalian experiment, g 89. 
proved by combining different fluids in a tube, x07, 
107, 109 (5). 

diminiſhed in aſcending upwards, 110, 111 (c). 
how great upon the whole earth, 112. 


its Rarity at any altitude Gee ene! 11 19,1 I 22, 192, 199, ). 
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its Altitude, how limited, 118. og . 
how great, if reduced every where to the denſity here 
below, 116. | 
has ſenſible effects to what height, ma 619 Monona? 
ATTRACTION, = 6 Vas badi Ann 


of particles of water by one another, 281.” | "ry 2 ig 2 | 
of particles of quickſilver by one another, ibid,” | 
of water Gl glaſs, 145, 281, | ORD 


N D E 1 

of quickſilver by glaſs, 281. Ry OT 
of water by glaſs greater than by the water itſelf, 282. 
of quickſilver by glaſs leſs than by the quickſilver itſelf, 282. 
of quickſilver by glaſs planes, 265. 

of water by glaſs planes, 285. 
AZOUT's experiment upon the barometer, 92 (50. 

deciſive j in favour of the air's preſſure, 92. 


B. . 
BALANCE, Hydroſtatical deſcribed, 63 60 
Compound, deſcribed, 48 (a), 59. 
BaRoMETER, how made, 86 (a). 
how it predicts the changes of weather, at 
pendent; its irregularities, 288. 


Bxrrows, hard to be opened, its vent being pe, 128. 
BOYLE's Statical Baroſcope, 54. 


Experiments upon factitious airs, 222. 
Value for hydroſtaticks, 85. 
Fydroſtatical paradoxes, 17. 


BuckEr full of water, its weight not perceived: white in 
Tony 8, 51. 
. 
CAPILLARY T'uBEs, and Siphons, 
their phznomena conſidered, 137. _ 
their phænomena the ſame in vacuo as in the air, 142,148. 
their phznomena ſolvable by attraction, 145, 147 * 
cauſe of their phænomena miſunderſtood, 265. 
cauſe of their phenomena detected, 269. 
ſpontaneous aſcent of water explained, 273- 
can ſuſpend any affignable quantity of water, 273, 276. 
can ſuſpend a large quantity of quickſilyer, 270. 
CASIWELL's experiment with a barometer. upon Snow:/on 
Hill, 112. 
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1 N D E X. 
. CENTER OF PRESSURE, what, 40. 46 din: 1% 
how determined, upon any eee 436 TOR 

when the ſame as the center of 4 4s A i 
ComMBINATION of different fluids in a tube, 101; 10), che (5). 
ConDENSER and its gage, 179, 180. fant 
Cupick foot of water weighs 1000 averdupois 0 ounces, 76. 
Currixo- ol Ass, its effects, 130, 133. 
| Rurpon, its great power over reaſon, 155 · 


D. 
898 and n of bodies in fluids explained, 4 475 
48 (a). : 
Dives under water ſuſtain great preſſure, 55 43. 
but feel no pain, 8. 
ELASTI1CITY of air, its properties, 105, 107, 
its — ſuggeſted, 126. 
F. 
FLesm, how preſerved a long time, 244. 
FLOATING of bodies upon fluids explained, 47,48:(0), 305 56. 
FLurprrr, what, 5. 
FLv1ps, preſs equally every way, 10 0 * 

gravitate upon one another, 11 (c). 

their particles not neceſſarily in continual motion, 145. | 
Force of aſcent and deſcent of bodies in fluids, 45, 475 4800. 
Fossils, how explored, 83. 

F. UGA VACU1, a falſe cauſe of phænomena, 91, 128. 
95 exploded by RD 95 : 
_— 

GALILEO, firſt diesel the air's preſſure, 2, 136, 184. 

determined the air's ſpecifick gravity, 184. 
GEOMETRY, how enlarged by hydroſtaticks, ; 
GRAvITY, an univerſal quality of matter, 6, 

of fluids in proprio loco, b, 9 (a), $2 7 58 Lanes 
_ diſtinguiſhed 


oy * 
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ED. 
diſtinguiſhed into abſolute and relative, 52. Th 
relative unchangeablein water at all _ 53. 

relative changeable in the air, 53. 
ſpecifick, what, 57. 

ſpecifick, how determined i in fluids and dll, 58, 72. 5 
of common water, nearly the ſame in all countries, 7 7. ; 


H. | 
HAUKSBEE's determination of the air's ſpecifick gravity, 
190. 
HE Ars of various bodies meaſured and compared, 253. 
HIER O' crown analyſed, 81. 
 HOOR's ſolution of the phænomena of capillary tubes, 138. 
proved inſufficient, 141, 144. 
HUGENIUS's character of Newton's Principia, 155. 
HypRosTATICKS, what, 5. 
firſt cultivated by Archimedes, 2, 44, 57. 
uſeful to philoſophers and artiſts, 82, 
enlarges our geometry, 75. 
improves our ſtaticks, 75. 
1 y - ; og 
-Imaces and bubbles aſcend and deſcend in water, 54. 
uy TH 
L1cnrt, not mm by a fluid, 210. 
its velocity, 210. 


| LINUS, his ſolution of the nn of the Torricellian 


tube, 88, 
MacnrTuDEs of bodies erg by their weights and 
ſpecifick gravities, 75, 78. | 
MeTEoR in the ſhape of a ſemicircle, 125. 
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MixTure of metals given, to find the proportion of the i in- 


en 80, 81 (). 
2% | Morton 
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Morton perpetual, unſucceſsfully ee 268. 
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OTTO GUERICKE's invention of an air-pump, 156. 
Ovnce, averdupois, contains 437 x grains Troy, 77. 
Roman, nearly equal to the averdupois, 77. 
P. 
PASCAL's experiments, 
of barometers with water and wine, 98. 
with a barometer upon the Puis de Domme, 112. 
ſhewing why ſiphons flow, 13 (a), 22. 
PLATES poliſhed ftick together, 25, 128, 130, 1 37. 
PosTURE of floating bodies, 56. 
PRESERVATION of bodies in e liquors, 243. 
PRESSURE of a fluid, 85 1 
propagated every way alike, 10 00, 31. nr 101 
its general effects, 2. 
ſuſtains the heavieſt bodies, 13 (a), 14, I 8. 
detains the lighteſt bodies, 13 (a), 18, 20. 
caufes ſiphons to run, 13 (3), 23, 24 (00). 


cauſes water to aſcend in pipes, pumps, and . 245 2 5: 


cauſes poliſhed plates to cohere, 25. 

its quantity as the depth of the part vreſſed; 28, 30 . 

its quantity ſuſtained by the ſide of a cubical veſſel, 27. 

its quantity ſuſtained by a plane ſurface, 35, 36. FR 

its quantity ſuſtained by any curve, ſurfaces, 36, 37. 

its quantity ſuſtained by a diver, 9, 43. * , 

its center what, and how found, 40, 44 ng 0 Fn 

of the atmoſphere. at different altitudes, 1 5 111. 

of the atmoſphere upon the whole earth, 112. 
Pumes explained, 21, 25, 129, 135 
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(a), 3 
below * level i in capillary tubes, 148 (a). 
ſuſpended in a tube to e n in ace. 
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R. | 
RAREFACTION of Lind oil by heat, Wy" 260 Wye 4s 
of air and Linſeed oil compared, 258. 
of ſpirit of wine and Linſeed oil compared, 258 (4). 2 
REcEiveR, in what manner evacuated by an air-pump, 166. 
cannot be quite evacuated, 170. 
188. 
S1pHoN explained, 13 (), 22, 24 (3), 130, I 36. 
SLARE's r e on _— two liquors i in vacuo, 220. 
SOUNDS, © | a 
propagated by the a air r alone, 200. 1 
not tranſmitted through a vacuum, 202. DD k, 
propagated in what manner, 202, 204. 
propagated in all directions, 203, 208. 
their velocity determined, 215. 
their velocity altered by winds, 216. 
their velocity altered by heat and cold, 218. 
Specrrick GRAvITY of bodies, 
determined by the hydroftatical balance, UL. 3. | 
determined by their Weights and Antes, 76, 78. 
ſhewn by a table, 73. 


SPIRIT.OF WINE hinders the production of air, 226. 
imbibes air very faſt, 244, (a). 


not compreſſible by à great force, 239.” - LE. 


| STanpARD altitude different in different tubes, 287. 
STATICKS improved by hydroſtaticks, 7 5. OS 
STATICAL THEOREM demonſtrated, 38 (2). el 
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Sgerrox, how performed, 129, 
© SURFACES OF FLu1Ds, ſome Conc: y 


Synince explained a 215 25, % ©... 
BP Swinminc of a body between, two. dude, 495 8 
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